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PREFACE 

During the 1980s, the National Institute for Occupational Safety and Health 
(NIOSH) has helped to protect and preserve the health of workers in developing 
countries. The World Health Organization (WHO) is also dedicated to this end, 
and through its Programme of Action on Worker's Health has sought to protect 
and promote the health of working populations throughout the world. 

In reaching toward these objectives, NIOSH and WHO have been able to 
collaborate on several projects. One project has now resulted in this text, 
A Joint Publication on Teaching Epidemiologv in Occupational Safety and 
Health. This volume focuses on the need to train occupational epidemiologists 
in the recognition and evaluation of occupational diseases and injuries. It 
is a training tool that uses the case approach to instruct epidemiolgists. It 
is with pride that we publish this b~ok/~bf case studies gg an aid to both 

rk~rs wdo will benefit f/o$01/t$eir services. 

~lfbdnald Millar, M.D., D.T.P.H. (LOW.) 
sistant Surgeon General 
irector, National Institute for 

S a" Occupational Safety and Health 
Centers for Disease Control 
United States of America 
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INTRODUCTION 

The r ecogn i t i on  and prevent ion  of occupat iona l  d i s e a s e s  and i n j u r i e s  
r e l i e s ,  i n  p a r t ,  on we l l  t r a i n e d  occupat iona l  ep idemiologis t s .  S k i l l e d  pub l i c  
h e a l t h  p r a c t i c i o n e r s  a r e  needed t o  a s s e s s  and in t e rvene  i n  a wide v a r i e t y  of 
problems, ranging from occupat iona l  h e a l t h  i n  developing coun t r i e s ,  t h e  
r ecogn i t i on  of new hazards,  t h e  development of methods and sound r e sea rch  i n  
new a r e a s  such a s  t he  reproduct ive ,  card iovascular  and psychologic e f f e c t s  of 
work, t h e  s tudy of m u l t i f a c t o r i a l  d i s e a s e s  such a s  hypertension o r  low back 
syndrome, and the  q u a n t i f i c a t i o n  of dose-response r e l a t i o n s h i p s .  

The i s s u e  of worker h e a l t h  i n  developing c o u n t r i e s  i s  of p a r t i c u l a r  
concern. An urgent  need e x i s t s  f o r  personnel  who can recognize,  eva lua t e  and 
prevent  occupat iona l  problems. The c u r r e n t  pauc i ty  of information has 
r e s u l t e d  i n  occupat iona l  h e a l t h  having a low p r i o r i t y  i n  many of t hese  
coun t r i e s ,  i n  s p i t e  of t h e  f a c t  t h a t  occupat ional  d i s e a s e s  a r e  an  important  
concern i n  i n d u s t r i a l  and socioeconomic development of these  coun t r i e s .  
Workers a r e  a major and important s e c t o r  of t h e  community; they  a r e  t h e  
bread-winners of f a m i l i e s  and t h e i r  h e a l t h  i s  a major f a c t o r  i n  development. 
Developing c o u n t r i e s  a r e  now r e a l i z i n g  t h e  need f o r  sound occupat iona l  h e a l t h  
programmes. I n  o rde r  t o  p lan ,  develop and fo l low through wi th  app ropr i a t e  
programmes t h a t  a r e  r e l evan t  t o  t h e i r  p a r t i c u l a r  needs, developing c o u n t r i e s  
need t o  i d e n t i f y  t he  types  and magnitude of h e a l t h  problems of t h e i r  workers 
using adequate epidemiological  methods. 

For t hese  reasons,  t h e  World Heal th Organizat ion,  i n  i t s  Programme of 
Action on Workers1 ~ e a i t h  (1979),  i d e n t i f i e d  occupat ibna l  epidemiology a s  a 
major p r i o r i t y  i n  t he  t r a i n i n g  of occupat iona l  h e a l t h  personnel  from d i f f e r e n t  
coun t r i e s  and i n  t h e  i n s t i t u t i o n a l  development of occupat iona l  h e a l t h  
s e rv i ces .  Guides have been developed and courses  on epidemiology have been 
organized i n  va r ious  p a r t s  of t h e  world. 

Under two Cooperative Agreements between the  Nat iona l  I n s t i t u t e  f o r  
Occupational Sa fe ty  and Heal th (NIOSH) and t h e  World Heal th Organizat ion (WHO) 
i n  1981-1984 and 1984-1987, epidemiology has been a prominent p a r t  of t hese  
Agreements aiming a t  a s s i s t i n g  WHO i n  t h e  f u l l  implementation of t h e  Programme 
of Act ion on Workers' Health.  

This  book i s  one of the important ou tpu t s  of NIOSH/WHO cooperat ion.  

D r  William Halperin of NIOSH has,  s ince  1979, been s e l e c t i n g  
epidemiological  s t u d i e s  and co l l abo ra t ing  wi th  t h e i r  au tho r s  i n  adapt ing these  
s t u d i e s  and t h e i r  p re sen ta t ion  f o r  teaching  purposes.  He l a i d  t h e  foundat ion 
by developing and using these  s t u d i e s  i n  teaching s t u d e n t s  i n  epidemiology a t  
d i f f e r e n t  l e v e l s ,  though mainly pos tgraduate .  The Occupational Heal th 
Programme of WHO arranged with NIOSH t o  widen the  scope, increase  the  number 
and i n t e r n a t i o n a l i z e  t h i s  educa t iona l  m a t e r i a l .  Guest e d i t o r s  and au tho r s  
were i n v i t e d  from d i f f e r e n t  p a r t s  of the  world t o  an  i n t e r r e g i o n a l  workshop on 
occupat ional  epidemiology held i n  Alexandria ,  Egypt, i n  November 1984 
( see"Pa r t i c ipan t s " )  and reviewed the  a v a i l a b l e  m a t e r i a l ,  added new s t u d i e s  and 
made e d i t o r i a l  suggest ions.  The E d i t o r i a l  Committee has s i n c e  then  f i n a l i z e d  
the  present  t e x t .  



This  c o l l e c t i o n  of teaching  c a s e s  i s  being provided t o  t eache r s  of 
occupat iona l  epidemiology j o i n t l y  by t h e  Nat iona l  I n s t i t u t e  f o r  Occupat ional  
Sa fe ty  and Hea l th  of t he  United S t a t e s  of America and by the  World Heal th  
Organizat ion.  These cases  a r e  intended a s  p r a c t i c a l  classroom e x e r c i s e s  t o  
supplement l e c t u r e s  on t h e  same m a t e r i a l .  S imi la r  ca se  s t u d i e s  have proven 
u s e f u l  i n  teaching  t h e  concepts  of t h e  epidemiology of i n f e c t i o u s  d i s e a s e s  a t  
t h e  Centers  f o r  Disease Control  i n  t he  USA. 

This  c o l l e c t i o n  of c a s e s  covers  a  wide range of sub jec t  ma t t e r  and 
p re sen t s  a  spectrum of d i f f i c u l t y .  Some c a s e s  demonstrate methods used i n  t he  
i n v e s t i g a t i o n  of c l u s t e r s  of c a s e s  and acu te  outbreaks;  o t h e r  ca ses  i l l u s t r a t e  
methods of chronic d i sease  epidemiology. An o u t l i n e  of the  content ,  inc luding  
t h e  degree of d i f f i c u l t y  of t h e  ca ses ,  i s  provided. I n  t h i s  t a b l e ,  t h e  c a s e s  
have been grouped i n t o  broad c a t e g o r i e s  beginning wi th  c l u s t e r  i n v e s t i g a t i o n s  
and c ros s - sec t iona l  s t u d i e s ,  and progress ing  t o  r e t r o s p e c t i v e  cohor t  m o r t a l i t y  
s t u d i e s ,  cons ide ra t ion  of s t a t i s t i c a l  power, and o t h e r  methodological i s s u e s .  
Many i s s u e s  a r e  addressed by more than  one case .  The i n s t r u c t o r  may f i n d  t h e  
t a b l e  of content  of ca ses  of va lue  i n  s e l e c t i n g  those  cases  t h a t  present  t he  
des i r ed  mix of i s s u e s .  

The teaching  cases  a r e  designed t o  be d i s t r i b u t e d ,  read,  worked, and 
discussed by t h e  s tuden t s  p a r t  by p a r t .  Each p a r t  i s  completed by t h e  c l a s s  
before  t he  next i s  considered. I n s t r u c t o r s  a r e  s t rong ly  advised t o  work 
through t h e  case  i n  t h i s  step-wise f a s h i o n  themselves before at tempting t o  
t each  i t .  Involving more advanced s tuden t s ,  a s  a s s i s t a n t s  t o  t he  i n s t r u c t o r ,  
o f f e r s  them a n  unusual l ea rn ing  experience.  Time should be allowed f o r  t h e  
d i s t r i b u t i o n  of the  p a r t ,  and working the  p a r t  e i t h e r  a lone  o r  i n  small  groups 
of s tuden t s .  

Each case  i s  accompanied by a  s e t  of no te s  f o r  t h e  i n s t r u c t o r s .  These 
notes  summarize t h e  s a l i e n t  p o i n t s  t h a t  t h e  ca se  i s  intended t o  i l l u s t r a t e ,  
and provide poss ib l e  answers t o  the  quest ions.  We urge the  i n s t r u c t o r s ,  who 
wish t o  sha re  t h e s e  summaries wi th  s tuden t s ,  t o  do so only a f t e r  t h e  c l a s s  
d i scuss ion  has been completed, otherwise the  process  by which the  c l a s s  must 
develop appropr i a t e  and f e a s i b l e  approaches t o  t h e  problem may be hindered.  

The use r s  a r e  advised t h a t  many of t he  i n t r o d u c t i o n s  t o  t hese  c a s e s  a r e  
redundant involv ing  n o t i f i c a t i o n  of app ropr i a t e  h e a l t h  a u t h o r i t i e s  of t h e  
i n v e s t i g a t i o n ,  d i v i s i o n  of i n v e s t i g a t i v e  r e s p o n s i b i l i t i e s ,  e t c .  Once these  
i s s u e s  a r e  understood by the  c l a s s ,  we urge d e l e t i n g  them from f u r t h e r  
d i scuss ion  of the  o the r  c a s e s  wi th  t h e  same group of s tuden t s .  Many of t he  
i n v e s t i g a t i o n s  d iscussed  i n  t hese  c a s e s  occured i n  t h e  USA. 

Depending on the  s tudent  populat ion,  d i scuss ion  of p ro fe s s iona l  and 
bu reauc ra t i c  i n t e r r e l a t i o n s h i p s  s p e c i f i c  t o  any p a r t i c u l a r  country may be 
i r r e l e v a n t  t o  t he  needs of the p a r t i c u l a r  s t u d e n t s  en ro l l ed .  We suggest t h a t  
t h e  ca ses  be modified t o  inc lude  d i scuss ions  of those  i s s u e s  a s  they  a r e  
r e l evan t  t o  t h e  s tuden t s ,  
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This  c o l l e c t i o n  of ca ses  should be considered dynamic. New c a s e s  w i l l  be 
added i n  t h e  f u t u r e  t o  cover new methodological i s s u e s  o r  t o  r ep l ace  c u r r e n t  
c a s e s  t h a t  may prove problematic i n  use. We welcome the  submission of new 
c a s e s  which w i l l  be reviewed f o r  i n c l u s i o n  by t h e  E d i t o r i a l  Committee. We 
a l s o  apprec i a t e  your c r i t i c i s m s  o r  proposed r e v i s i o n s .  T rans l a t ions  a r e  
p a r t i c u l a r l y  welcomed. We w i l l  provide any new c a s e s  o r  r e v i s i o n s  t o  u s e r s  of 
t h i s  book, so  p l ease  be su re  t o  send your name, address ,  and i n s t i t u t i o n a l  
a f f i l i a t i o n ,  e s p e c i a l l y  i f  you have received t h i s  c o l l e c t i o n  i n d i r e c t l y  from 
another  u s e r ,  r a t h e r  than  d i r e c t l y  from NIOSH/USA o r  WHO. Please  send a l l  
correspondence t o  W i l l i a m  Halper in  M.D., M.P.H., Nat iona l  I n s t i t u t e  f o r  
Occupational S a f e t y  and Heal th , ,  4676 Columbia Parkway, C inc inna t i ,  Ohio, 
45226, USA, wi th  a  copy t o  D r .  M. Batawi, World Heal th  Organizat ion,  CH-1211 
Geneva 27, Switzer land.  

F i n a l l y ,  we would l i k e  t o  thank t h e  many au tho r s  who have con t r ibu ted  
cases  t o  t h i s  c o l l e c t i o n ,  t h e  numerous reviewers  who have made c o n s t r u c t i v e  
comments, and t h e  many s tuden t s  who have used these  c a s e s  and o f f e red  t h e i r  
suggest ions f o r  improvements. The E d i t o r i a l  Committee has responded t o  t h e s e  
reviews and suggest ions by modifying the  cases ,  and accep t s  r e s p o n s i b i l i t y  f o r  
e r r o r s  of f a c t  o r  i n t e n t  t h a t  may have been introduced by u s  r a t h e r  than  t h e  
o r i g i n a l  au thors .  We apprec i a t e  t he  work of numerous s e c r e t a r i e s  who have 
worked on coun t l e s s  r e v i s i o n s ,  and e s p e c i a l l y  J ane t  Graydon. 

We be l i eve  t h a t  epidemiology can c o n t r i b u t e  t o  t he  prevent ion  of 
occupat ional  d i sease .  We hope t h a t  t h i s  volume w i l l  not  only c o n t r i b u t e  t o  
t h e  educat ion of ep idemiologis t s ,  but of o the r  p r o f e s s i o n a l s  a s  we l l  who might 
f i n d  t h e  epidemiological  approach u s e f u l  i n  d i s e a s e  prevent ion.  WHO and NIOSH 
in tend  t o  organize i n t e r n a t i o n a l  short-term courses  using the  m a t e r i a l  of t h i s  
book wi th  a  view t o  acqu i r ing  more experience,  so  a s  t o  improve t h e  con ten t s  
by tak ing  i n t o  account c ros s -cu l tu ra l  f e a s i b i l i t y .  

D r  M.A. E l  Batawi 
Chief ,  Occupational Heal th 
WHO, Geneva, Switzer land 

D r  William E.  Halperin 
Chief ,  Industrywide S tud ie s  Branch 
NIOSH, Cincinnat i, Ohio ,USA 





PART l 

I n  January 1974 the  B.F. Goodrich Company n o t i f i e d  the  United S t a t e s  
Nat ional  I n s t i t u t e  f o r  Occupational Sa fe ty  and Heal th (NIOSH) t h a t  f o u r  
ca ses  of angiosarcoma of the  l i v e r  (ASL) had occurred s i n c e  1967 i n  a  work 
f o r c e  of about 500 long-term workers a t  a polyvinyl  c h l o r i d e  (PVC) 
product ion p l a n t  i n  L o u i s v i l l e ,  Kentucky, USA. 

Date of 
Case Age a t  d i agnos i s ,  Date of f i r s t  PVC T o t a l  yea r s  

numbe r 
1 

race ,  sex d i agnos i s  exposure 
43 whi te ,  male 8-67 7-52 
36 whi te ,  male 5-70 11-55 
49 white ,  male 3-73 12-48 
58 white ,  male 12-73 11-45 

Although only  f o u r  ca ses  occurred over  a  10-year per iod (1964-1974), ASL 
i s  so r a r e  a  tumour t h a t  a  causa l  r e l a t i o n s h i p  was s t r o n g l y  suspected. The 
expected inc idence  of ASL i n  t h e  gene ra l  popula t ion  was der ived  from t h e  US 
National  Cancer I n s t i t u t e ' s  Third National  Cancer Survey (1969-1971) which 
ind ica t ed  t h a t  on ly  about 27 cases  occur per  year  i n  t h e  e n t i r e  popula t ion  
of 200 m i l l i o n  i n  the  United S t a t e s  of America. 

Question 1 

Calcula te  a  crude m o r t a l i t y  r a t i o  f o r  ASL i n  long-term PVC polymerizat ion 
workers a t  t h i s  p l a n t  i n  t h e  p a s t  1 0  years .  ~ s s u m e - l 0  yea r s  of observa t ion  
dur ing  which t h e  workers were a t  r i s k  f o r  developing cancer.  

Crude m o r t a l i t y  r a t i o  = 

Within j u s t  a  few days, a d d i t i o n a l  observa t ions  were repor ted  which 
supported t h e  a s s o c i a t i o n  between v i n y l  c h l o r i d e  exposure and t h e  
development of ASL. F i r s t ,  an  I t a l i a n  s tudy,  t he  pre l iminary  r e s u l t s  of 
which had been presented a t  the xth I n t e r n a t i o n a l  Cancer Congress a t  
Houston, USA, i n  1970, were publ ished i n  1971 and had found t h a t  r a t s  g iven  
long-term i n h a l a t i o n  exposure t o  work-place concent ra t ions  of v iny l  c h l o r i d e  
monomer (VCM) developed not on ly  ASL, but a l s o  angiosarcoma a t  o t h e r  s i t e s ,  
a s  we l l  a s  o the r  malignant tumours ( lung ,  r e n a l ) .  (Viola  e t  a l . ,  1971) 
Second, d e t a i l e d  c l i n i c a l  and pa tho log ica l  reviews of t h e  f o u r  human c a s e s  
of ASL showed t h a t  a l l  f ou r  had s i m i l a r  c l i n i c a l  i l l n e s s e s  and s i m i l a r  
pa tho log ica l  l e s i o n s  involving p o r t a l  hypertension and p o r t a l  f i b r o s i s  i n  
a d d i t i o n  t o  ASL. 

Question 2 

What f u r t h e r  ques t ions  a r e  r a i s e d  both by t h e  f ind ing  of fou r  c a s e s  of 
ASL a t  one p l a n t  and by t h e  appearance of ASL and o t h e r  tumours i n  r a t s  
exposed t o  VCM? 

a By Henry Fa lk ,  Richard Waxweiler, & Clark  Heath, 1975. Revised 1985 



Before proceeding, some background informat ion  concerning VCMIPVC i s  
necessary.  VCM i s  a g a s  (CH2 = CHC1) produced l a r g e l y  through 
c h l o r i n a t i o n  of e thy lene ,  a byproduct of t he  petroleum indus t ry .  When 
polymerized, VCM forms PVC, one of f o u r  major polymer p l a s t i c s  widely used 
i n  t h e  modern world ( t h e  o t h e r  t h r e e  are polys tyrene ,  polypropylene, and 
polye thylene) .  PVC can t a k e  va r ious  phys i ca l  forms ( l i q u i d ,  s o l i d ,  r i g i d ,  
f l e x i b l e )  depending on chemical a d d i t i v e s  used (copolymers, p l a s t i c i z e r s ) .  

PVC has been produced commercially s i n c e  t h e  1930's .  S ince  t h e  Second 
World War, i t s  product ion has s t e a d i l y  increased  throughout t h e  world, 
product ion i n  t h e  USA i n  1974 amounting t o  3.5 m i l l i o n  t ons .  A s  a p l a s t i c ,  
i t  has  m u l t i p l e  uses  varying from f l o o r  t i l e s  and s e a t  covers  t o  t oys ,  water  
p ipes ,  and t ires.  VCM u n t i l  r e c e n t l y  was considered a r e l a t i v e l y  i n e r t  ga s  
and a s  such was widely used a s  a spray  can p rope l l an t .  

Over one m i l l i o n  workers i n  t h e  USA have some kind of con tac t  wi th  
VCMIPVC. These workers can be cons idered  i n  t h e  fo l lowing  t h r e e  c a t e g o r i e s :  

1 )  VCM product ion.  I n  January 1974, VCM was being produced i n  1 2  
d i f f e r e n t  p l a n t s  i n  t h e  USA, employing a t o t a l  of about 1000 workers. The 
chemical p rocess  took p l ace  i n  an  e s s e n t i a l l y  c lo sed  system of v a t s  and 
p ipes .  Workers were d i r e c t l y  exposed t o  VCM only  when l e a k s  occur  i n  t he  
system. 

2 )  PVC polymerizat ion.  According t o  t he  methods used before  1973, t h e  
VCM gas ,  l i q u i f i e d  under p re s su re ,  was t r a n s f e r r e d  by tank  c a r  t o  
polymerizat ion f a c i l i t i e s .  There were 37 such p l a n t s  i n  t h e  USA, a s  of 
January 1974, employing a t o t a l  of about  20 000 workers. I n  t h e  
polymerizat ion process ,  VCM was introduced i n t o  l a r g e  r e a c t o r  v e s s e l s  where 
polymerizat ion took p l ace  under hea t  and p re s su re ,  o f t e n  i n  t h e  presence of 
chemical a d d i t i v e s .  Following t h e  r e a c t i o n  process ,  t he  newly-formed PVC 
was dra ined  from t h e  v e s s e l .  However, r e s i d u a l  polymer b u i l d s  up on t h e  
v e s s e l  w a l l s ,  r e q u i r i n g  p e r i o d i c  removal, p a r t l y  by water  jet and p a r t l y  by 
hand. Cleaning by hand e n t a i l s  workers e n t e r i n g  t h e  v e s s e l s  and spending 
cons ide rab l e  time i n  an atmosphere con ta in ing  increased  amounts of VCM. 
While workers e n t e r i n g  r e a c t o r s  a r e  now c a r e f u l l y  p ro t ec t ed  from VCM 
exposure,  i n  t h e  pas t  l i t t l e  o r  no p r o t e c t i o n  was thought necessary.  
Considerable d i r e c t  exposure t o  V 0 4  may a l s o  occur when workers handle  
f r e s h l y  polymerized PVC beyond t h e  r e a c t o r  v e s s e l .  Such f r e s h  PVC may 
r e t a i n  s u b s t a n t i a l  amounts of unreacted VCM wi th in  i t s  polymer s t r u c t u r e ,  
r e l e a s i n g  VCM i n t o  t he  a i r  i n  t h e  process  of packing and shipping.  

3 )  PVC f a b r i c a t i o n .  From polymerizat ion f a c i l i t i e s ,  PVC i n  va r ious  
phys i ca l  forms i s  shipped t o  numerous manufacturing concerns throughout t he  
count ry  f o r  f a b r i c a t i o n  i n t o  d i v e r s e  consumer products .  U s e  of PVC i n  such 
f a b r i c a t i o n  p l a n t s  v a r i e s  g r e a t l y .  Depending upon amounts of PVC used, t he  
ways i n  which i t  i s  used, and t h e  working cond i t i ons  involved,  workers may 
wel l  be exposed t o  r e s i d u a l  VCM r e l ea sed  from PVC p l a s t i c .  I n  a l l ,  about 
one m i l l i o n  workers a r e  employed i n  PVC f a b r i c a t i o n  p l a n t s .  Many of t h e  
p l a n t s  a r e  smal l ,  employing only a handful  of workers i n  each p l a n t .  



Question 3 

a )  Given t h e s e  f a c t s ,  what phase of t h e  VCM/PVC i n d u s t r y  would be b e s t  
s u i t e d  f o r  a n  ep idemiologica l  s tudy  of VCH h e a l t h  e f f e c t s ?  Why? 

b) What i s  t h e  purpose of conduct ing f u r t h e r  ep idemiologica l  s t u d i e s  i n  
t h i s  populat ion? 

c )  What kind of s tudy  might be undertaken and why? 

d )  What c r i t e r i a  would you suggest  f o r  s e l e c t i n g  groups of workers f o r  
study? 

PART 2 

NIOSH chose t o  conduct a  r e t r o s p e c t i v e  cohor t  m o r t a l i t y  s tudy  of workers 
a t  PVC polymerizat ion p l a n t s .  The s tudy  was designed t o  fo l l ow  
polymerizat ion workers from t h e  t i m e  they en t e r ed  t h e  i ndus t ry  u n t i l  t h e  end 
of December 1973, and t o  compare observed cause-spec i f ic  m o r t a l i t y  among 
such workers w i th  t h a t  expected based on known USA whi te  male cause-spec i f ic  
m o r t a l i t y  r a t e s .  Four p l a n t s  were s e l e c t e d  f o r  t h e  s tudy  on grounds of 
l e n g t h  of opera t ion ,  a c c e s s i b i l i t y  of r eco rds ,  and probable  ea se  of followup. 

1. B. F. Goodrich, L o u i s v i l l e ,  Kentucky (where t h e  f o u r  o r i g i n a l  c a s e s  had 
occur red) ,  

2. B. F. Goodrich, Avon Lake, Ohio, 
3. General T i r e ,  Ashtabula,  Ohio, and 
4. F i r e s tone ,  Pot ts town,  Pennsylvania.  

S ince  a  cohor t  s tudy  i t s e l f  would t ake  s e v e r a l  yea r s  t o  complete, a n  
i n i t i a l  rap id  assessment of m o r t a l i t y  p a t t e r n s  was undertaken, us ing  
a v a i l a b l e  in format ion  i n  medical and insurance  records  a t  each p l a n t .  

A qu icker  approach i s  t h e  p ropor t i ona l  m o r t a l i t y  s tudy.  I n  a  s tudy  of 
p ropor t i ona l  m o r t a l i t y  r a t e s ,  t h e  p ropor t i on  of dea ths  due t o  a  s p e c i f i c  
cause (he re  ASL), i n  t he  exposed popula t ion ,  i s  compared t o  t he  propor t ion  
expected i n  a  comparison popula t ion .  I n  a  cohor t  s tudy ,  t h e  inc idence  r a t e  
of d i s e a s e  ( o r  t h e  m o r t a l i t y  r a t e  from a s p e c i f i c  d i s e a s e )  i s  compared 
between t h e  exposed and t h e  comparison popula t ions .  Propor t iona l  m o r t a l i t y  
s t u d i e s  can be based on a v a i l a b l e  d a t a ,  whi le  cohor t  s t u d i e s  r e q u i r e  
ex tens ive  follow-up of cohor t  members. 

From t h e  records  a v a i l a b l e  a t  the  s e l e c t e d  p l a n t s ,  144 dea ths  were 
i d e n t i f i e d .  This  f i g u r e  i nc ludes  workers who had d i ed  a f t e r  r e t i r emen t ,  a s  
we l l  a s  workers who had d i ed  on t h e  job. A l l  were whi te  males. For each 
dea th ,  t h e  age a t  dea th  and t h e  d a t e  of dea th  were a v a i l a b l e .  Using t h i s  
information,  a  p ropor t i ona l  m o r t a l i t y  a n a l y s i s  was performed t o  determine i f  
any p a r t i c u l a r  causes  of dea th  were unduly represen ted  when compared wi th  
what might be expected f o r  white  males i n  t h e  USA a s  a  whole dying a t  t he  
same ages i n  t h e  same years .  The expected p ropor t i ons ,  der ived  from US 
m o r t a l i t y  r a t e s  and ad jus t ed  f o r  age and year  of dea th ,  a r e  shown f o r  
s p e c i f i c  causes  of dea th  i n  Table  I ,  toge the r  wi th  t h e  observed numbers of 
dea ths .  



Cause of dea th  

Table I. Propor t iona l  m o r t a l i t y  r a t i o  

Observed Expected Observed1 
number Expected number expected 

of dea ths  

Cardiovascular  6 3 

Cancer 

Pulmonary 

Diges t ive  t r a c t  

p ropor t ion  of dea ths  r a t i o  

Brain 

Other 

C i r rhos i s  of l i v e r  

Accidents 

A l l  o t h e r  causes  

To ta l  

* Note t h a t  s p e c i f i c  cancer  s i t e s  a r e  subse t s  of t he  t o t a l  31 cancer  dea ths .  

Question 4 

a )  Ca lcu la t e  t he  expected number of dea ths  and an  observed/expected m o r t a l i t y  
r a t i o  f o r  each d i a g n o s t i c  category.  

b) How would you i n t e r p r e t  the  r e s u l t s ?  

c )  How might t h e  r e s u l t s  be misleading? 

THE COHORT STUDY 

The cohort  s tudy was conducted by a b s t r a c t i n g  a l l  a v a i l a b l e  medical and 
work-history informat ion  on each worker, p a s t  and p re sen t ,  eve r  t o  work a t  
each of the  fou r  p l a n t s .  The s p e c i f i c  jobs performed by each worker, t he  
d a t e s  of s t a r t i n g  and ending each job, and t h e  age a t  t h e  s t a r t  of employment 
were recorded. Each worker was then  t r aced  t o  determine cause of death.  



Question 5 What means might have been used t o  achieve follow-up of each worker? 

The next s t e p  i n  t he  cohort  s tudy involved cons t ruc t ion  of a t a b l e  of 
person-years a t  r i s k  f o r  d i s e a s e  f o r  members of t h e  cohor t .  Observed and 
expected m o r t a l i t y  was then  compared f o r  s p e c i f i c  causes  of dea th  w i t h i n  t h e  
cohor t s  us ing  these  person-year t o t a l s  a s  denominators. The bas i c  p r i n c i p l e s  
by which t h e  cohor t s  were assembled can be i l l u s t r a t e d  by reviewing t h e  work 
h i s t o r i e s  of 1 0  d i f f e r e n t  hypo the t i ca l  workers. 

Worker No. 1: Began work i n  1944 a t  20 yea r s  of age. Had worked up t o  
t h e  present  i n  PVC polymerizat ion.  

Worker No. 2: Began work i n  1944 a t  20 yea r s  of age. Worked u n t i l  
August 1949 a s  a p i p e f i t t e r  and l e f t  t h a t  employment. 

Worker No. 3: Began work i n  1944 a t  t he  age of 35 years .  Had worked up 
t o  t h e  p re sen t  i n  PVC polymerizat ion.  

Worker No. 4: Began work i n  1944 a t  20 yea r s  of age. Died i n  1969. 
Worked i n  PVC polymerizat ion.  

Worker No. 5: Began work i n  1944 a t  20 yea r s  of age. Had worked t o  t he  
present  i n  admin i s t r a t i on ,  becoming v i c e  p re s iden t  i n  - 

charge of s a l e s .  

Worker No. 6: Began work i n  1946 a t  the  age of 52 years .  Died i n  1947. 
Worked i n  PVC polymerizat ion.  

Worker No. 7: Began work i n  1972 a t  21 years  of age. Had worked t o  t he  
present  i n  PVC polymerizat ion.  

Worker No. 8: Began work i n  1944 a t  20 years  of age. Worked f o r  t h r e e  
weeks i n  PVC polymerizat ion and then  was d r a f t e d  i n t o  t h e  
Army. Returned i n  1954 a t  the  age of 30 yea r s  and worked 
i n  PVC polymerizat ion u n t i l  October 1956 when he ceased 
t h a t  employment. 

Worker No. 9: Began work i n  1944 a t  the  age of 40 years .  Worked i n  PVC 
packing and shipping.  Re t i r ed  i n  1969. 

Worker No.10: Began work i n  1965 a t  the  age of 20 years .  Had worked t o  
t h e  present  i n  PVC polymerizat ion.  

Question 6 
A modified l i f e - t a b l e  method is  used t o  determine the  t o t a l  number of 

person years  a t  r i s k  of developing d i s e a s e  s t r a t i f y i n g  by age and decade of 
observat ion.  The c h a r t  is  l i s t e d  below. 

a )  Complete the  fol lowing c h a r t  t o  show person-years a t - r i s k  f o r  developing 
d i s e a s e  f o r  a l l  t h e s e  t e n  persons. The person-years con t r ibu ted  by Workers 
Nos. 1 and 2 have been en tered  f o r  i l l u s t r a t i o n  purposes. (For sake of 
s i m p l i c i t y ,  cons ider  p a r t i a l  yea r s  a s  whole y e a r s ) .  



Decade of obse rva t ion  

Age 1944-1953 1954-1963 1964-1973 
i n  yea r s  Workers No. Workers No. Workers No. 

T o t a l  

T o t a l  

b) Why do person-years cont inue  t o  accumulate a f t e r  t h e  worker l eaves  work o r  
r e t i r e s ?  

c )  When would t h e  person-years s t o p  accumulating? 
d )  How i s  t h i s  in format ion  t o  be used? 
e )  What would be t he  e f f e c t  of l o s s  t o  follow-up? 

PART 3 

Obviously, d i f f e r e n t  workers have d i f f e r e n t  work h i s t o r i e s  and hence 
c o n t r i b u t e  unequal ly  i n  terms both of exposure t o  VCM and of l a t e n c y  s i n c e  
t h e i r  f i r s t  VCM exposure.  Some have worked d i r e c t l y  i n  polymerizat ion f o r  
many yea r s  (Workers Nos. 1, 3 & 4) ,  o t h e r s  f o r  s h o r t e r  t i m e  pe r iods  (Workers 
Nos. 6,  7, 8 & 10) .  Some have had less d i r e c t  c o n t a c t  w i th  po lymer iza t ion  
(Workers Nos. 2, 5 & g),  a g a i n  f o r  varying pe r iods  of t i m e .  To make t h e  
cohort  s tudy a s  meaningful a s  p o s s i b l e ,  it i s  necessary  t o  g ive  p a r t i c u l a r  
a t t e n t i o n  t o  t h e  m o r t a l i t y  experience of workers c l o s e l y  exposed t o  VCM over  a 
s u b s t a n t i a l  per iod  of t ime, w i th  an  i n i t i a l  exposure long enough ago t o  a l low 
f o r  reasonable  ca rc inogenes i s  l a t e n c y .  The review of t h e  a c t u a l  work 
h i s t o r i e s  of t he  i n i t i a l  f o u r  c a s e s  i s  a  u s e f u l  s t a r t i n g  po in t  f o r  
e s t a b l i s h i n g  c r i t e r i a  of job ca tegory ,  exposure d u r a t i o n ,  and l a t ency .  The 
fo l lowing  c h a r t  has  been completed f o r  t h e  t e n  hypo the t i ca l  workers. A f t e r  
examining t h i s  in format ion ,  l e a r n i n g  about  t h e  n a t u r a l  h i s t o r y  of cance r ,  and 
i n v e s t i g a t i n g  t h e  work p r a c t i c e s ,  t he  i n v e s t i g a t o r s  decided on requirements  
f o r  e n t r y  i n t o  t h e  cohor t .  Ent ry  i n t o  t h e  cohor t  r equ i r ed  f i v e  yea r s  of VCM 
exposure i n  a  product ion a r e a s  of t he  p l a n t ,  and t e n  years  of l a tency .  



1944-1953 1954-1963 1964-1973 Years of T o t a l  
i n  yea r s  Workers No. Workers No. Workers No. exposure 

T o t a l  yea r s  of 
exposure 0 

Question 7 

How would t h i s  c h a r t  of "high-risk" person-years compare w i th  one i n  which 
a l l  person-years a r e  included r e g a r d l e s s  of exposure,  l a t ency ,  and job 
ca tegory?  

Ouestion 8 

What workers were e l imina ted?  Why? 

Question 9 

a )  What i s  the  e f f e c t  of inc lud ing  Workers Nos. 6 and 7 i n  t he  "high-risk" 
c h a r t ?  

b) What i s  the  e f f e c t  of inc lud ing  Worker No. 1 0  i n  t h e  "high-risk" c h a r t ?  
c )  How i s  l a t e n c y  t o  be def ined  f o r  Worker No. 8?  

Assuming a c r i t e r i o n  of f ive-years '  exposure,  t he  t o t a l  person-years a t  
r i s k  f o r  d i s e a s e  i n  t h e  a c t u a l  cohor t  a r e  shown by age i n  Table I1 f o r  persons 
w i th  less than and more than  t e n  yea r s '  l a tency .  Follow-up was v i r t u a l l y  
complete (1287 out  of 1294 members of t h e  ten-year l a t e n c y  group) .  I n  t h e s e  
two groups, a t o t a l  of 5 and 35 c a s e s  of cancer  were observed. Included f o r  
comparison a r e  1965 age-spec i f ic  m o r t a l i t y  r a t e s  f o r  cancers  of a l l  s i t e s  i n  
US white  males. 



Table 11. Tota l   ers son-vears a t  r i s k  f o r  d i s e a s e  

Age i n  
Years 

Question 10 

Person-years a t  r i s k  Expected age Expected number 
d i s e a s e  f o r  workers s p e c i f i c  cancer  of cancer  dea ths  
wi th  l a t e n c y  of m o r t a l i t y  f o r  l a t e n c y  of 

l e s s  than  more than  l e s s  than  more than  
1 0  yea r s  1 0  yea r s  per  100 000 1 0  yea r s  1 0  yea r s  

To ta l  expected dea ths  
T o t a l  observed dea ths  
SMR (O/E X 100)  

a )  For each l a t e n c y  group, c a l c u l a t e  t he  expected numbers of dea ths  i n  each 
age ca tegory ,  and then  an  o v e r a l l  s tandard ized  m o r t a l i t y  r a t i o  (SMR). 

b) How do you i n t e r p r e t  t hese  r e s u l t s  i n  terms of cancer  r i s k  among persons 
exposed t o  VCM? 

The a c t u a l  computation of expected numbers of ca ses  was f a r  more complex 
than  t h e  above i l l u s t r a t i o n s  sugges t .  Person-years a t  r i s k  f o r  d i s e a s e  were 
counted us ing  5-year r a t h e r  t han  10-year groupings by age. Expected numbers 
of dea ths  were ca l cu la t ed  us ing  m o r t a l i t y  r a t e s  f o r  5-year per iods  from 1940 
t o  t he  present ,  r a t h e r  than  a s i n g l e  s e t  of r a t e s  f o r  a g iven  median year  
(1965). The r e s u l t s  of t hese  c a l c u l a t i o n s  a r e  shown i n  Table 111. 



Table 111. Number of dea ths  among workers 
w i th  f i v e  o r  more years  VCM exposure 

and t e n  o r  more years  l a t e n c y  
Standardized 

Cause of dea th  Observed Expected m o r t a l i t y  r a t e  

Cardiovascular  

Cancer 35 23.5 

Pulmonary 12  
L i v e r l B i l i a r y  7 
Leukemia/Lymphoma 4 
Brain 3 
Other 9 

C i r rhos i s  Of l i v e r  

Pulmonary d i s e a s e  
(excluding cancer )  

Violent  dea ths  13  14.2 

A l l  o t h e r  causes 

Unknown cause 

To ta l  

Question 11 
a )  Why i s  it p re fe rab le  t o  use m o r t a l i t y  r a t e s  from s e v e r a l  d i f f e r e n t  time 

per iods  r a t h e r  than  from one year  i n  computing expected m o r t a l i t y ?  
b) Why a r e  5-year groupings by age p re fe rab le  t o  10-year groupings? 

Quest ion 12 
a )  Compute an  SMR value  f o r  each cause-of-death category.  
b) How would you i n t e r p r e t  t h e s e  r e s u l t s ?  
c) How might t he  r e s u l t s  be a f f e c t e d  i f  d i f f e r e n t  c r i t e r i a  were used f o r  

exposure (1 ,  2 o r  1 0  yea r s  i n s t e a d  of 5 )  o r  f o r  l a t e n c y  ( 5  o r  1 5  yea r s  
i n s t ead  of 10 )?  

Question 1 3  
What f u r t h e r  s t u d i e s  should be undertaken i n  l i g h t  of t hese  r e s u l t s ?  

Question 14 

I f  a r e p e t i t i o n  of t h i s  s tudy would y i e l d  a nega t ive  r e s u l t  i n  another  
country,  what reasons f o r  t h i s  could you t h i n k  o f ?  





INSTRUCTOR' S NOTES 
VINYL CHLORIDE AND CANCER 

OBJECTIVES 
1. How t o  d e a l  ep idemiologica l ly  w i t h  a  c l u s t e r  of r a r e  d i s ea se .  
2. How t o  choose t h e  app rop r i a t e  s tudy  des ign .  
3. How t o  choose t h e  app rop r i a t e  s tudy  populat ion.  
4. I n t r o d u c t i o n  t o  t h e  p ropor t i ona l  m o r t a l i t y  r a t i o .  
5. In t roduc t ion  t o  t h e  cohort  s tudy  inc luding  the  concept of person years .  
6. Understanding l a t ency  and exposure c a t e g o r i z a t i o n .  

PART 1 

Answer 1 
Ca lcu l a t e  a  rough va lue  of crude m o r t a l i t y  r a t i o  of ASL f o r  long-term PVC 

polymerizat ion workers a t  t h i s  p l a n t  i n  t h e  p a s t  1 0  yea r s ,  assuming 10  y e a r s  
a t - r i s k  f o r  each worker and a  US popula t ion  of 200 m i l l i o n .  

Crude m o r t a l i t y  
r a t i o  = Caseslperson-years (exposed) = 4/(5OOXlO) = 0.0008 

CasesIperson-years (gene ra l  populat ion)=27/  (200 000 000) 
= 0.00000135 

= X 5926 excess  

I n s t r u c t o r s  no t e  Make s u r e  t h a t  t h e  s t u d e n t s  a r e  f a m i l i a r  w i t h  t h e  
d e f i n i t i o n  of person-years a t  r i s k .  " A t  r i s k "  r e f e r s  t o  
years  of observa t ion  when the  person is e l i g i b l e  t o  
develop t h e  d i s e a s e  of i n t e r e s t .  

Answer 2 
What f u r t h e r  ques t ions  a r e  r a i s ed  both by t he  f i nd ing  of f o u r  c a s e s  of ASL 

a t  one p l a n t  and by t h e  appearance of ASL and o t h e r  tumours i n  r a t s  exposed t o  
VCM? 

a .  PVC i n d u s t r y  - So f a r ,  c a s e s  were from j u s t  one p lan t .  Are o t h e r  
p l a n t s  involved? Is t h i s  an industrywide problem? Are t h e r e  s p e c i a l  
r i s k - f a c t o r s  bes ides  VCM exposure a t  t h e  L o u i s v i l l e  p l an t ?  

b. Diagnosis - Rare tumours a r e  e a s i l y  misdiagnosed. Would a  c a r e f u l  
review of records  r evea l  more ca se s  than  a r e  i n i t i a l l y  apparent?  What 
i s  t h e  t r u e  r i s k  f o r  exposed workers? Are t h e r e  precursor  s t a g e s  of 
ASL which could be i d e n t i f i e d  (e.g. l i v e r  damage)? 

c .  Outcomes - The animal s t u d i e s  suggest  t h a t  a  m u l t i p l i c i t y  of tumours 
r e s u l t  from VCM exposure. Is t h i s  t r u e  f o r  exposed persons a l s o ?  

d. Publ ic  h e a l t h  - PVC is widely used. What r i s k  i s  t h e r e ,  i f  any, f o r  
1) consumers, 2 )  persons l i v i n g  near  VCMIPVC product ion o r  f a b r i c a t i o n  
f a c i l i t i e s  o r  f o r  persons employed i n  t h e  many i n d u s t r i e s  which 
manufacture PVC-containing products?  It might be u s e f u l  t o  ask  one o r  
more s t u d e n t s  t o  review t h e  process  i n  advance, and t o  comment on t h e  
major sources  of exposure,  and exposure l e v e l s  i n  h i s  o r  he r  country.  



Answer 3 

a )  Given t h e s e  f a c t s ,  what phase of t h e  VCMIPVC i n d u s t r y  would be b e s t  s u i t e d  
f o r  an ep idemiologica l  s tudy  of VCM h e a l t h  e f f e c t s ?  Why? 

Cons idera t ions  
1. Exposure - s tud i ed  popula t ions  should have had exposure t o  VCM. . Populat ion s i z e  - s u f f i c i e n t  s i z e  t o  provide some accep tab l e  power t o  

t h e  s tudy  (add power c a l c u l a t i o n ) .  . Records - a v a i l a b l e  records  and t r a c k i n g  of t h e  populat ion.  The 
workforce i n  t h e  polymerizat ion phase would be t he  bes t  t o  s tudy ,  given 
t h e  s i z e  of t h e  workforce and t h e i r  ex t en t  of exposure. 

4. Latency. 
5. Same p l a n t l i n d u s t r y  wide - c l u s t e r  problem. 

b) Why conduct f u r t h e r  ep idemiologica l  s t u d i e s  of t h i s  populat ion? 

There a r e  t h r e e  answers t o  t h i s :  1 )  t o  q u a n t i f y  t h e  magnitude of t h e  
cancer  excess  i n  t h e  popula t ion  i n  which t h e  c l u s t e r  was o r i g i n a l l y  observed; 
2 )  t o  determine whether o t h e r  mal ignant  o r  nonmalignant d i s e a s e s  a r e  a l s o  i n  
excess ,  o t h e r  t han  t h e  o r i g i n a l  s e n t i n e l  tumour; 3) i f  one wanted t o  confirm 
t h e  a s s o c i a t i o n  between v i n y l  c h l o r i d e  and ASL, independent of t h e  o r i g i n a l  
c l u s t e r ,  one would t h e o r e t i c a l l y  need t o  exclude t h e  o r i g i n a l  ca se s  o r  go t o  
an e n t i r e l y  new s tudy  populat ion.  I f  t he  p re sen t ing  tumour had been more 
common, t h i s  would be more necessary  than wi th  an extremely r a r e  tumour such 
a s  ASL. 

c )  What kind of s tudy  might be undertaken? Why? 

The d i scus s ion  should address  a t  l e a s t  t h r e e  i s s u e s  involved i n  
choosing the  most app rop r i a t e  s tudy  design.  F i r s t ,  what a r e  t he  
advantages of basing t h e  s tudy  upon exposure (cohor t  approach) o r  
d i s e a s e  ( ca se - r e f e r en t  approach)? Second, should t h e  per lod  of 
observa t ion  be p rospec t ive  o r  r e t r o s p e c t i v e ?  A prospec t ive  approach 
would a l l ow  t h e  c o l l e c t i o n  of h igh  q u a l i t y  exposure d a t a ,  but would be 
expensive and would not  provide r e s u l t s  f o r  a t  l e a s t  t e n  years .  Thi rd ,  
should t he  measure of d i s e a s e  be cancer  inc idence  (morbid i ty)  o r  d e a t h  
( m o r t a l i t y ) ?  For angiosarcoma, m o r t a l i t y  approximates t o  morbid i ty  
because of t he  l e t h a l i t y  of t he  d i s ea se .  

To r e t u r n  t o  t h e  i s s u e  of whether a  cohor t  o r  case- re fe ren t  s tudy  
des ign  i s  p r e f e r a b l e ,  t he  l a t t e r  i s  u sua l ly  s a i d  t o  be more e f f i c i e n t  
i f  t h e  d i s e a s e  i s  r a r e .  However, a  cohor t  s tudy  i n  t h i s  h igh ly  exposed 
group of workers could be used t o  quan t i fy  t h e  excess ,  i n i t i a l l y  
apparen t ,  a s  a  c l u s t e r .  A l t e r n a t i v e l y ,  a  case- re fe ren t  s tudy  i n  a  
def ined  geographical  a r e a ,  e.g. a  n a t i o n ,  could be conducted i f  t h e r e  
were a  means of i d e n t i f y i n g  cases .  This  approach might m i s s  t h e  
c o n t r i b u t i o n  of a  r a r e  exposure i f  t h e r e  a r e  o t h e r ,  more common causes  
of t h e  d i s ea se .  



d )  What c r i t e r i a  would you suggest  f o r  s e l e c t i n g  groups of workers f o r  t h e  
s tudy?  

Since cancers  a r e  l i k e l y  t o  r e q u i r e  a long l a t e n t  per iod a f t e r  t h e  
f i r s t  chemical exposure,  only t hose  p l a n t s  i n  ope ra t i on  f o r  many yea r s  
should be s tud i ed ,  and p re fe rab ly  those  making pure PVC (and r e l a t i v e l y  
few copolymers). P a r t i c u l a r  a t t e n t i o n  should be g iven  t o  t h e  workers 
involved,  f i r s t ,  i n  reac tor -c lean ing  and, second, i n  d i r e c t  handl ing of 
f r e s h  PVC. A t t en t ion  should be g iven  t o  t h e  u l t i m a t e  s i z e  of t h e  
cohor t ,  t o  t h e  f e a s i b i l i t y  of r e t r i e v i n g  records  a t  given p l a n t s ,  t o  
t h e  ea se  of t r ack ing  workers i n  p a r t i c u l a r  a r e a s ,  and t o  t h e  e x i s t e n c e  
of i n d u s t r i a l  hygiene t h a t  would c h a r a c t e r i z e  p r i o r  exposure.  

I f  p o s i t i v e  f i n d i n g s  come from t h e  s tudy  of polymerizat ion workers,  
cons ide ra t i on  might be given t o  a s tudy  of less exposed phases of t h e  
i n d u s t r y  and of t h e  consuming publ ic .  

PART 2 

Answer 4 

a )  Ca lcu l a t e  t h e  expected number of dea ths  and an observed/expected m o r t a l i t y  
r a t i o  f o r  each d i a g n o s t i c  category.  

Table I V .  P ropor t i ona l  m o r t a l i t y  r a t i o  

Cause of dea th  
Cardiovascular  
Cancer 

Pulmonary 
Diges t i ve  t r a c t  
L i v e r l B i l i a r y  
Leukemia/Lymphoma 
Brain 
Other 

C i r r h o s i s  of l i v e r  
Accident S 

A l l  o t h e r  c a s e s  
T o t a l  

Observed 
number 

of dea ths  
63 

Expected 
p ropor t i on  

.460 

Expected 
numbe r 

of dea ths  
66.24 
23.04 

7.20 
7.20 
0.72 
2.88 
1.44 
3.60 
3.60 
2.88 

48.24 
144.00 

expected morta- 
l i t y  r a t i o  

0.95 
1.35 
1.39 
0.42 
5.56* 
1.39 
2.78 
1.67 
1.11 
2.43* 
0.81 
1.00 

* S i g n i f i c a n t  p = 0.05, us ing  a "simple" Chi-square test. 
i.e. (observed number - expected number)2 

expected number 



A more accura te  t e s t  would be the  Mantel-Haenszel summary chi  square used on 
age standardized data.  This,  however, requi res  age data  which a r e  not given 
i n  t h i s  problem. 

b) How would you i n t e r p r e t  the  r e s u l t s ?  
There i s  an excess of cancer ( e spec ia l ly  of the  l i v e r  and bra in)  and a l s o  
an excess f o r  accidents .  

c )  How might the  r e s u l t s  be misleading? 
1. A proport ional  mor ta l i ty  ana lys i s  compares proport ions and not r a t e s .  

I f  mor ta l i ty  r a t e s  f o r  causes o ther  than cancer were r e l a t i v e l y  low 
among PVC workers, the  proportion of cancer deaths might appear 
excessive without any r e a l  increase  i n  r a t e s .  

2. The 144 deaths may not be representa t ive  of a l l  deaths wi th in  the  
cohort.  

3. Data came from medical and insurance records a t  each p lant .  No 
independent appra i sa l  o r  review of cause of death was made. 

4. The comparability was somewhat cont ro l led  i n  being r e s t r i c t e d  t o  white 
males and adjusted f o r  age and year  of death. However, the re  i s  always 
some concern about comparing a heal thy working population t o  general  US 
population mor ta l i ty  data.  

ANSWER 5 - 
5. What means have been used t o  achieve follow-up of each worker? 

Records of company, union, pension, Veterans Administration, s o c i a l  
secur i ty ,  s t a t e  motor vehic le ,  c r e d i t  bureau. 

ANSWER 6 - 
6. a )  Complete the  following char t  t o  show person-years a t - r i s k  f o r  these  

t e n  persons. The person-years contr ibuted by workers No. 1 and 2 
have been entered f o r  i l l u s t r a t i o n  purposes. 

Note: The purpose of t h i s  exerc ise  i s  t o  p rac t i ce  ca lcu la t ing  
person-years a t  r i sk .  Do not worry about excluding anyone by 
t i t l e ,  work h i s t o r y ,  o r  latency.  



Age i n  1944-53 
yea r s  Workers Nos. 

1954-63 1964-73 T o t a l  
Workers Nos. Workers Nos. person-years 

8-10 55 
40-49 3-5 3- 5  1-10 

9-10 2-10 
4-6 
5-10 
8-10 66 

50-59 6-2 3-5 3-5 
9-10 2  2  

60-69 3-5 
9-10 15 

T o t a l  person- 72 70 7  7  219 
yea r s  

b) Why do person-years cont inue  t o  accumulate a f t e r  t h e  worker q u i t s  o r  
r e t i r e s ?  

A worker i s  con t inua l ly  followed and i s  a t  r i s k  of developing t h e  
d i s e a s e  even a f t e r  q u i t t i n g ,  r e t i r emen t ,  o r  l a ck  of f u r t h e r  VCM exposure.  
Note t h a t  f o r  s tudy purposes,  he i s  only followed a f t e r  he has  achieved 
s u f f i c i e n t  exposure and l a t ency  a s  def ined  by t h e  s tudy  ( i n  t h i s  ca se  f i v e  
yea r s  exposure and t e n  yea r s  la tency) .  

c )  When would person yea r s  s t o p  accumulating once adequate exposure 
t i m e  has  been acquired? 

1 - When t h e  worker d i e s .  Note t h a t  i f  t h e  worker d i e s  p r i o r  t o  a  
s u f f i c i e n t  l a t ency  per iod ,  he i s  not  included i n  t h e  s tudy.  

2  - When t h e  s tudy  ends; i n  t h i s  ca se  1973. 

d )  How i s  t h e  l i f e - t a b l e  in format ion  t o  be used? 

Person-years a r e  accumulated a s  t h e  denominator f o r  r a t e  
c a l c u l a t i o n s .  

e )  What would be t he  e f f e c t  of l o s s  t o  fo l low up? Consider fewer 
person-years f o r  any s ta tum s e l e c t i o n ,  and d i f f e r e n t  accuracy of 
d i agnos i s  i n  d i f f e r e n t  geographical  a r ea s .  



PART 3 

Answer 7 

How would t h i s  cohort  of "high-risk" person-years compare w i t h  one i n  
which a l l  person-years a r e  inc luded ,  r e g a r d l e s s  of exposure,  l a t ency ,  and job 
category? 

It con ta in s  l e s s  t han  ha l f  t h e  t o t a l  person-years,  none from t h e  e a r l y  
decades and none f o r  persons i n  t h e i r  t h e  age group 20-29. This  cohor t  
d e f i n i t i o n  ( f i v e  years '  exposure,  t e n  yea r s '  l a t ency )  i s  a r b i t r a r y ,  but 
reasonable .  It can be changed a s  c i rcumstances warrant  i t .  

Answer 8 

What workers were e l imina ted?  Why? 

No. 5 - a d m i n i s t r a t i v e  job; no VCM exposure.  
No. 6 - i n s u f f i c i e n t  exposure t ime; i n s u f f i c i e n t  l a tency .  
No. 7 - i n s u f f i c i e n t  exposure t ime; i n s u f f i c i e n t  l a tency .  
No. 8 - i n s u f f i c i e n t  exposure time. 
No.10 - i n s u f f i c i e n t  l a tency .  

Answer 9 

a )  What would be t he  e f f e c t  of inc lud ing  each worker i n  t he  h igh- r i sk  c h a r t ?  
No. 6 - d i l u t e  t h e  o v e r a l l  person-year t o t a l  wi th  two yea r s  without  
r ep re sen t ing  an app rec i ab l e  r i s k  of a work-related cancer ,  and h i s  dea th  
would f a l s e l y  exaggerate  m o r t a l i t y  i n  whatever h i s  cause of dea th  ca tegory  
was, aga in  being un l ike ly  t o  be job-related i l l n e s s .  

No. 7 - d i l u t e  t h e  o v e r a l l  person-year t o t a l  without  r ep re sen t ing  
app rec i ab l e  r i s k  of a work-related cancer .  

No. 10 - aga in ,  d i l u t e  t h e  person-year t o t a l  without having s u f f i c i e n t  
l a t ency  t o  be e l i g i b l e  of a work-related cancer .  

b) How i s  l a t ency  t o  be def ined  of Worker No. 8? 

Worker No. 8 does not meet t he  f i v e  years '  exposure c r i t e r i o n  necessary 
t o  be inc luded  i n  t h e  "high-risk" c h a r t .  Therefore ,  de f in ing  l a t e n c y  i s  
meaningless i n  t h i s  case.  

I n  g e n e r a l ,  l a t ency  i s  def tned a s  t he  i n t e r v a l  of time ending wi th  
dea th  ( o r  s tudy  end d a t e ,  whichever come f i r s t )  and beginning wi th  t h e  
f i r s t  exposure. 



Answer 10 

a )  For each l a t e n c y  group, c a l c u l a t e  expected numbers of dea ths  i n  each age 
ca tegory ,  and then  an  o v e r a l l  s tandard ized  m o r t a l i t y  r a t i o  (SMR). 

Age i n  
yea r s  

20-29 
30-39 
40-49 
50-59 
60-69 
70-79 
8M- 

T o t a l  expected dea ths  
T o t a l  observed dea ths  
SMR (O/E X 100) 

Expected number of cancer  
dea ths  f o r  l a t ency  of 

l e s s  t han  10 yea r s  more than  10  yea r s  
1.098 0.005 
1.293 0.858 
1.984 5.158 
1.524 8.043 
0.285 7.675 
0 2.091 
0 0.342 
6.184 24.172 
5 3 5 

80.85 144.79 

b) How do you i n t e r p r e t  t h e s e  r e s u l t s  i n  terms of cancer  r a t e s  among persons  
exposed t o  VCM? 

These r e s u l t s  i n d i c a t e  fewer cancer  dea ths  t han  expected i n  t h e  s h o r t  
l a t ency  group ( r e f l e c t i n g  t h e  f a c t  t h a t  one needs t o  be hea l thy  t o  hold a 
job [Healthy worker e f f e c t ] ) ,  but more t han  expected f o r  long l a t ency ,  
perhaps i n d i c a t i n g  oncogenic e f f e c t s  of VCM o r  o t h e r  work- p l a c e  
chemicals.  Also, t he  excess  of cancer  i s  not merely a r e s u l t  of t h e  f o u r  
l i v e r  cancers  alone. The SMR a p p l i e s  s p e c i f i c a l l y  t o  t h i s  cohor t ,  and 
cannot be d i r e c t l y  ex t r apo la t ed  t o  o t h e r  cohor t s  ( p a s t  o r  p r e s e n t ) ,  
a l though it i s  a good i n d i c a t o r  of r i s k  i n  s i m i l a r l y  exposed groups. 

Answer 11 

a )  Why i s  i t  p r e f e r a b l e  t o  use m o r t a l i t y  r a t e s  from s e v e r a l  d i f f e r e n t  
time-periods r a t h e r  t han  from one year  i n  computing expected m o r t a l i t y ?  

For some causes  of dea th  (e.g. ,  stomach o r  lung cancer ) ,  m o r t a l i t y  
r a t e s  have changed g r e a t l y  over  t h e  p a s t  s e v e r a l  decades.  

b) Are 5-year groupings by age p r e f e r a b l e  t o  10-year groupings? 

S ince  t h e  r i s k  of dea th  from p a r t i c u l a r  causes  may change markedly 
w i t h  age,  e s p e c i a l l y  a t  o l d e r  ages ,  t h e  use of i n d i v i d u a l  year- groupings 
i s  p re fe rab l e .  

Answer 12 

a )  Compute t h e  SMR va lue  f o r  each cause-of-death category.  



95 % Confidence 
Cause of dea th  Observed Expected SMR l i m i t s  + 

Cardiovascular  
Cancer 

Pulmonary 
L i v e r l ~ i l i a r y  
Leukemia/Lymphoma 
Brain 
Other 

C i r r h o s i s  of l i v e r  
Pulmonary d i s e a s e  

(excluding cancer )  
Vio len t  dea ths  
A l l  o t h e r  causes  
Unknown cause 

T o t a l  136 126.3 108 90-127 

+ For t h e  r a t i o  of an observed va lue  of a Poisson v a r i a b l e  t o  i t s  expec ta t ion .  
* p = 0.05 
** p = 0.01 Poisson c h a r t  99% confidence i n t e r v a l s  41-343. 

b) How do you i n t e r p r e t  t h e s e  r e s u l t s ?  

Cancer m o r t a l i t y  i s  s i g n i f i c a n t l y  increased.  Numbers a r e  smal l ,  however, 
and only  l i v e r  tumours show s t a t i s t i c a l l y  s i g n i f i c a n t l y  excesses .  Excesses 
p re sen t  f o r  lung,  leukemia, and b r a i n  may deserve f u r t h e r  s tudy.  The SMR f o r  
t o t a l  cancer  i s  remarkably s i m i l a r  t o  t h e  s i m p l i f i e d  i l l u s t r a t i o n  (149 versus  
145) and t h e  o v e r a l l  r e s u l t s  a r e  b a s i c a l l y  s i m i l a r  t o  those obtained i n  t h e  
p ropor t i ona l  m o r t a l i t y  a n a l y s i s .  For v a l i d i t y  and comparabi l i ty  arguments, 
s e e  no t e  4c above. 

c )  How might t h e  r e s u l t s  be a f f e c t e d  i f  d i f f e r e n t  c r i t e r i a  were used f o r  
exposure ( 1 ,  2 ,  o r  1 0  yea r s  i n s t e a d  of 5 )  o r  f o r  l a t ency  ( 5  o r  15  yea r s  
i n s t e a d  of 10)? 

Longer exposure and l a t ency  c r i t e r i a  might have increased  t h e  SMR va lues ,  
but a t  a l o s s  of n u m e r i c a l / s t a t i s t i c a 1  s t r e n g t h .  Sho r t e r  pe r iods  would 
i n c r e a s e  numerical s t r e n g t h ,  but d i l u t e  t h e  r e s u l t s .  

Answer 13  

What f u r t h e r  s t u d i e s  should be undertaken i n  l i g h t  of t he se  r e s u l t s ?  



While m o r t a l i t y  excesses may be too small t o  warrant s imi la r  cohort s tud ies  
i n  l e s s  exposed workers o r  i n  general  population groups, a  de ta i l ed  study of 
individual  cancer cases i n  polymerization workers may be useful .  Spec i f i c  
c l i n i c a l ,  pathological ,  and work-history f e a t u r e s  of such cases ( e spec ia l ly  
l i v e r ,  and possibly b ra in  and lung) may provide f u r t h e r  c lues  t o  et iology.  
Additional animal-exposure experiments a r e  a l s o  needed. Studies on o ther  v inyl  
chlor ide  r e l a t e d  d i seases  a r e  des i rable .  

Answer 14 

I f  a  r e p e t i t i o n  of t h i s  study yielded a negative r e s u l t  i n  another country, 
what reasons f o r  t h i s  could you th ink o f?  

For example, lower exposure l e v e l s ,  too shor t  exposure times, poor 
record-keeping system, population a t  r i s k  too small. 

Ref erence 

Viola, P.L., B igo t t i ,  A. Caputo, A. Oncogenic response of r a t  skin,  lungs and 
bones t o  v iny l  chloride.  Cancer research,  31; 516-522 (1971). 





OCCUPATIONAL NEUROLOGICAL DISEASE * 

PART 1 

On 2 October 1973, t h e  Deputy D i r ec to r ,  Ohio Department of Hea l th  
contac ted  t h e  D i r e c t o r ,  Cancer and B i r t h  Defec ts  Div is ion ,  Bureau of 
Epidemiology, Center  f o r  Disease Cont ro l  (CDC), A t l a n t a ,  USA, t o  reques t  
a s s i s t a n c e  i n  i n v e s t i g a t i n g  an  apparent  epidemic of p e r i p h e r a l  neuropathy i n  
workers a t  a coated f a b r i c  p l an t  i n  Columbus, Ohio. H e  repor ted  t h a t  c a s e s  of 
neuropathy had f i r s t  been recognized i n  p l a n t  workers i n  J u l y  1973 and t h a t  
some 25 c a s e s  had been r epo r t ed  by e a r l y  October. Emergency d i scus s ions  were 
held involv ing  t h e  Bureau of  Epidemiology, t h e  Nat iona l  I n s t i t u t e  f o r  
Occupat ional  S a f e t y  and Heal th  (NIOSH), and t h e  D iv i s ion  of Neurology, Ohio 
S t a t e  Un ive r s i t y  (OSU) Hosp i t a l s ,  and i t  was agreed t h a t  a combined 
CDC-NIOSH-OSU i n v e s t i g a t i o n  should be conducted. Accordingly, a n  
ep idemiologis t  and an  epidemiology-elect ive s tuden t  were d i spa tched  from 
At l an t a  t o  Columbus on 3 October. 

Question 1 

S tud ie s  involv ing  i n v e s t i g a t o r s  from many i n s t i t u t i o n s  (Fede ra l ,  S t a t e ,  
Un ive r s i t y ,  WHO, e t c . )  a r e  p o t e n t i a l l y  c h a o t i c .  I f  you were t h e  
ep idemiologis t  ass igned t o  t h i s  p r o j e c t ,  what would you recommend t o  minimize 
confusion and t o  improve c o l l a b o r a t i o n ?  

Question 2 

Given what you have been t o l d ,  what a r e  t he  f i r s t  s t e p s  your i n v e s t i g a t i o n  
must t ake?  

PART 2 

The fol lowing is  a d e s c r i p t i o n  of t he  p l an t :  

Columbus Coated Fab r i c s  (CCF) occupies  a 6.5 h e c t a r e  s i t e  on t h e  edge of a n  
i n d u s t r i a l  d i s t r i c t  i n  nor th-cent ra l  Columbus. The p l an t  employed between 850 
- 950 hour ly  employees and about 200-300 s a l a r i e d  employees. Various types  of 
v i n y l  coated f a b r i c s  comprised CCF's products .  P r i n c i p a l l y ,  they  produced 
p l a s t i c  wal l  c l o t h s  with many e l a b o r a t e l y  p r i n t e d  and embossed des igns .  They 
a l s o  suppl ied  c a r  manufacturers  wi th  v iny l  c l o t h  used f o r  making s e a t  covers .  
Product ion began e i t h e r  wi th  vinyl-coat-ed c l o t h  prepared by a p p l i c a t i o n  of a 
f r e s h l y  mixed v iny l  s o l u t i o n  t o  r o l l s  of c l o t h ,  o r  wi th  v iny l  s l ieet ing 
prepared by t h e  ex t ru s ion  of molten v i n y l  between r o l l e r s .  These un f in i shed  
products  were modified by p r i n t i n g ,  embossing, o r  by the  a d d i t i o n  of s p e c i a l  
su r f ace  c o a t s .  

* By P h i l i p  J .  Landrigan, 1979; r ev i sed  1985. 



The fol lowing is  a  d e s c r i p t i o n  of the  i n i t i a l  c a s e s  seen a t  Ohio S t a t e  
Univers i ty  Hospi ta l :  

I n  mid-August 1973, a  43-year-old employee of t he  CCF p r i n t  department 
presented a t  t h e  Neurology Serv ice  complaining of having been weak s i n c e  May. 
Neurological  examination and c l i n i c a l  t e s t s ,  inc luding  electromyography (EMG) 
and nerve conduction v e l o c i t y  (NCV), i nd i ca t ed  a  d iagnos is  of r e l a t i v e l y  acu te  
p e r i p h e r a l  neuropathy. 

The p a t i e n t  revealed t h a t  f i v e  o the r  employees i n  t he  p r i n t  department had 
developed s i m i l a r  i l l n e s s e s .  A l l  who had become ill by mid-August had s i m i l a r  
c l i n i c a l  f e a t u r e s ,  t y p i f i e d  i n  t h e  fol lowing synopsis :  

A 23-year-old male f i r s t  noted i n t e r m i t t e n t  t i n g l i n g  sensa t ions  i n  h i s  
arms and l e g s  i n  A p r i l  1973. These symptoms would l a s t  four  t o  f i v e  
minutes a t  a  t ime. I n  A p r i l  o r  May, h i s  r i g h t  knee became s t i f f  causing 
d i f f i c u l t y  i n  walking. I n  August, he f i r s t  no t iced  progress ive  weakness 
and s t i f f n e s s  of h i s  f i n g e r s  which n e c e s s i t a t e d  t h e  use of both thumbs t o  
f l i p  t h e  wheel of a  c i g a r e t t e  l i g h t e r  and which made i t  impossible  f o r  him 
t o  t u r n  t h e  switch of a  lamp. He complained of sweating, but had no 
bowel, bladder ,  o r  sexual  dysfunct ion.  A 10-kg weight l o s s  s i n c e  January 
1973 was a t t r i b u t e d  t o  d i e t i n g .  

He admit ted dr inking  two t o  t h r e e  beers  and smoking a  pack of 20 
c i g a r e t t e s  pe r  day. He had had rheumatic f e v e r  a t  t h e  age of 16. There 
was no s i g n i f i c a n t  family h i s t o r y .  He had been employed i n  t he  p r i n t  
department a t  CCF f o r  t h e  p a s t  two and a ha l f  years .  

Phys ica l  examination revealed a  s l ende r  young man i n  no a c u t e  d i s t r e s s .  
H i s  mental s t a t u s  and c r a n i a l  nerves were normal. He walked wi th  a  
b i l a t e r a l  f o o t  s l ap .  Decreased p in  p r i c k ,  temperature,  and l i g h t  touch 
sensa t ions  were noted i n  a  patchy d i s t r i b u t i o n  d i s t a l l y  i n  t h e  
e x t r e m i t i e s .  There was marked a t rophy of t he  in t e ros seous  muscles,  and a  
f l e x i o n  deformity of t h e  hands. Weakness of f i n g e r s  and w r i s t s  was 
g r e a t e r  i n  ex tensors  than  i n  f l e x o r s .  The weakness extended proximally t o  
t h e  shoulder ,  where he showed weakness of b iceps ,  but  normal t r i c e p s ,  a s  
we l l  a s  normal abduct ion,  i n t e r n a l ,  and e x t e r n a l  r o t a t i o n  func t ions .  He 
had b i l a t e r a l  f o o t  drop wi th  a t rophy of t h e  ca lves  and th ighs .  Deep 
tendon ankle  r e f l e x e s  were absent ,  wi th  o t h e r  deep tendon r e f l e x e s  
symmetrically depressed o r  normal. The p l a n t a r  response was f l e x o r .  

Laboratory t e s t s ,  inc luding  complete blood count,  glucose,  u rea  n i t rogen ,  
u r i c  a c i d ,  a l k a l i n e  phosphatase,  serum glutamic oxa loace t i c  t ransaminase,  
l a c t i c  dehydrogenase, plasma c h o l i n e s t e r a s e ,  blood lead ,  blood a r s e n i c ,  
s p i n a l  f l u i d ,  and immunoglobulin G were normal. The ce reb rosp ina l  f l u i d  
contained no cells and showed normal p r o t e i n  and glucose l e v e l s .  

The r i g h t  peroneal  nerve conduction v e l o c i t y  was 35 mlsec, wi th  normal 
f a s t e r  t han  45 m/sec. EMG showed evidence of denervat ion,  w i th  p o s i t i v e  
waves on i n s e r t i o n ,  f i b r i l l a t i o n ,  and moderate t o  severe  decrease  i n  motor 
u n i t s  i n  m u l t i p l e  d i s t a l  muscles. The c l i n i c a l  d iagnos is  was severe  
p e r i p h e r a l  neuropathy. 



@ Question 3 

Discuss  t h e  var ious  e t i o l o g i e s  t h a t  can r e s u l t  i n  p e r i p h e r a l  neuropathy. 

Question 4 

What is  s t r i k i n g l y  absent  from t h i s  case  h i s t o r y ?  

Question 5 

With a d i agnos i s  of a c u t e  p e r i p h e r a l  neuropathy appa ren t ly  wel l  
e s t a b l i s h e d  i n  t h e s e  i n i t i a l  c a s e s ,  how would you proceed t o  f u r t h e r  
c h a r a c t e r i z e  t h e  outbreak? 

Question 6 

Would i t  be app rop r i a t e  t o  s ea rch  f o r  t h e  p o s s i b l e  occurrence of 
s u b c l i n i c a l  c a s e s  of neuropathy? 

PART 3 

Elec t rod i agnos t i c  sc reen ing  was used t o  f i n d  a d d i t i o n a l  ca se s  a t  t h e  
p l a n t .  EMG and NCV examination was o f f e r ed  i n  t h e  f i r s t  i n s t ance  t o  (1 )  a l l  
p r i n t  shop employees, and ( 2 )  a l l  employees of o t h e r  departments who 
complained of neu ro log ica l  symptoms. However, EMG f i n d i n g s  c h a r a c t e r i s t i c  of 
motor u n i t  d i s e a s e  were soon discovered i n  employees of o the r  departments.  
The scope of t h e  programme was t h e r e f o r e  expanded, and an  a t tempt  was made t o  
perform EMG's on a l l  p l a n t  employees. 

E l ec t rod i agnos t i c  examinations were done on 1 1 6 2  persons (approximately 
94% of t h e  workforce).  O f  t h e s e ,  182 persons wi th  EMG's sugges t ive  of 
p e r i p h e r a l  neuropathy were r e f e r r e d  f o r  complete neu ro log ica l  examination and 
a d d i t i o n a l  t e s t i n g .  A l l  such persons were quest ioned about p o t e n t i a l  
nonoccupat ional  e t i o l o g i c  f a c t o r s .  

Of t he  182 persons examined, f i v e  were excluded because they exh ib i t ed  
chronic  neuropa th ies  of unknown e t i o l o g y  not  c o n s i s t e n t  wi th  f i n d i n g s  i n  t h e  
i n i t i a l  c a se s ,  Thirty-two o t h e r s  were found t o  have nonoccupational r i s k  
f a c t o r s  f o r  t h e i r  neuropa th ic  f i n d i n g s :  

d i a b e t e s  m e l l i t u s  1 8  
c a r p e l  t unne l  syndrome 6 
gene t i c lme tabo l i c  d i s o r d e r s  3 
compression 3 
rad icu lopa thy  1 
metabol ic  d i s o r d e r s  1 

Forty-eight  of t he  remaining 145 persons had d e f i n i t e  c l i n i c a l  evidence of 
acu t e  p e r i p h e r a l  neuropathy, ano the r  2 0  had equivoca l  f i n d i n g s ,  and 7 7  were 
judged on complete examination t o  e x h i b i t  no evidence of neuropathy. 



Question 7 

Would you have set up the  sc reen ing  programme i n  t h e  way i n  which i t  was 
s e t  up here? 

Question 8 

Would you have r e f e r r e d  only t h e  "pos i t i ve s "  on e l e c t r o d i a g n o s t i c  
sc reen ing  f o r  f u r t h e r  neu ro log ica l  examination? What a r e  g a i n s  and l o s s e s  of 
stich a n  approach? 

Question 9 

What i s  the  case  d e f i n i t i o n  being used by t h e  i n v e s t i g a t o r s ?  

Ques t ion  1 0  

I n  your f u r t h e r  a n a l y s i s ,  what would you have done wi th  t h e  d a t a  from the  
37 persons found t o  have o t h e r ,  non-occupational, r i s k  f a c t o r s  f o r  neuropathy. 

Question 11 

What would you have done w i t h  d a t a  from t h e  20 persons graded a s  having 
equivoca l  f i n d i n g s ?  

PART 4 

The fol lowing is  a  summary of the  ep idemiologica l  d a t a  on t h e  48 persons 
wi th  d e f i n i t e  neuropathy. The informat ion  on p l a n t  department a t  t h e  t ime of 
onse t  was obtained by ques t i onna i r e  , supplemented by review of t he  personnel  
record S.  



Case No. 
1 

P l a n t  depar tment  
PX I n s p e c t i o n  
P r i n t  
P r i n t  
P r i n t  
P r i n t  
P r i n t  
P r i n t  
P r i n t  
Embossing 
P r i n t  
P r i n t  
P r i n t  
P r i n t  
P r i n t  
P l a s t i c  c a l e n d a r  
P r i n t  
P r i n t  
P r i n t  
P r i n t  
Base c o a t  
P r i n t  
P r i n t  
P r i n t  
P r i n t  
Mixing 
P l a s t i c  c a l e n d a r  
P r i n t  
South  m i l l  
P r i n t  
P r i n t  
Shipping 
P r i n t  
Base c o a t  
P r i n t  
North  m i l l  
P r i n t  
P r i n t  
P r i n t  
P r i n t  
P r i n t  
P r i n t  
P r i n t  
P r i n t  
Base c o a t  
P r i n t  
P r i n t  
South  c o a t  
P r i n t  

Month of o n s e t  
7 / 7 2  
1 2 / 7 2  
1 / 7 3  
2  17 3* 
2 / 7 3  
317 3* 
4 / 7 3  
4 / 7 3  
4 / 7 3  
5/73* 
5  17 3* 
5 / 7 3  
6  17 3* 
6 / 7 3  
6 / 7 3  
6 / 7 3  
6 / 7 3  
6 / 7 3  
7 / 7 3  
7 / 7 3  
7 / 7 3  
7 / 7 3  
7 / 7 3  
7 / 7 3  
8 / 7 3  
817 3  
8/73* 
8 / 7 3  
8 / 7 3  
8 / 7 3  
8  17 3  
9 / 7 3  
9  17 3  
9 / 7 3  
9  17 3  
9 / 7 3  
9  17 3  
9 / 7 3  
9 / 7 3  
I n d e f i n i t e  
I n d e f i n i t e  
I n d e f i n i t e  
I n d e f i n i t e  
I n d e f i n i t e  
I n d e f i n i t e  
I n d e f i n i t e  
I n d e f i n i t e  
I n d e f i n i t e  

*One of t h e  6 index  c a s e s  



The nine persons wi th  i n d e f i n i t e  d a t e s  of onset  s p e c i f i e d  t h a t  onse t  had 
occurred i n  t h e  f i r s t  t e n  months of 1973. No s i g n i f i c a n t  d i f f e r e n c e s  were 
found i n  prevalence by age groups,  sex,  o r  race .  A s  wi th  any epidemic, t h e  
c h a r a c t e r i s t i c s  of t ime,  p l ace ,  and person of t hose  a f f e c t e d  may provide 
c l u e s  a s  t o  e t i o logy .  

Ques t ion  12 

Construct  an  epidemic curve,  graphing t h e  number of ca se s  ve r sus  t h e  
d a t e  of onse t .  What mechanisms of d i s e a s e  t ransmiss ion  would be c o n s i s t e n t  
wi th  t h i s  type  of epidemic curve? (common source?  person-to-person?) Do you 
be l i eve  t h e  absence of c a s e s  a f t e r  September 1973? 

Ouestion 1 3  

Ca lcu l a t e  t he  prevalence of d i s e a s e  by department,  us ing  t h e  fo l lowing  
d ~ n o m i n a t o r  d a t a  : 

Department 

P r i n t  
Base coa t  
P l a s t i c  ca lendar  
Mixing 
Embossing 
PX i n s p e c t i o n  
South m i l l  
North m i l l  
Shipping 
South coa t  
Other 
O f f  i c e  
T o t a l  

No. of No. of persons 
ca se s  examined prevalence 

Question 1 4  

What do t he se  department-specif ic  p reva lences  t e l l  you? 

Question 15  

What a d d i t i o n a l  in format ion  do you need t o  determine the  e t i o l o g y  of t h e  
outbreak? 



PART 5 

EXPOSURE DATA AND INFORMATION ABOUT THE PROCESS 

A s  a f i r s t  s t e p  i n  a s se s s ing  exposures a t  t he  p l a n t ,  a walk-through t o u r  
was conducted and a map was prepared t o  desc r ibe  t h e  l o c a t i o n  of equipment and 
t h e  work-sites of employees. Work procedures were observed. L i s t s  of 
chemicals were reviewed f o r  p o s s i b l e  neurotoxins,  but no known neurotoxins 
were found. 

It was learned  t h a t  between August and December 1972, p l an t  management had 
made a major change i n  t h e  composition of so lven t s  used i n  p r i n t  department 
i n k  composition i n  Columbus. Methyl bu ty l  ketone (MBK) had been s u b s t i t u t e d  
f o r  methyl iso-butyl  ketone (MIBK) i n  t h e  so lvent  formula. The approximate 
composition of t he  new formula was MBK 10% and methyl e t h y l  ketone (MEK) 90%, 
whereas t h e  o ld  formula had contained MIBK 10% and MEK 90%. No o t h e r  r ecen t  
changes had been made i n  p l a n t  opera t ions .  

Atmospheric sampling f o r  organic  vapours was conducted by t h e  Div is ion  of 
Occupational Heal th of t he  Ohio S t a t e  Department of Heal th,  and by NIOSH. 
Using cha rcoa l  sampling tubes ,  31 a i r  samples were taken i n  t h e  p r i n c i p l e  
workshop a r e a s  and around t h e  p r i n t i n g  machines. V e n t i l a t i o n  surveys were 
conducted t o  determine a i r  f low p a t t e r n s .  Gas chromatography and mass 
spectrophotometry were done on bulk samples t o  determine the  composition of 
each chemical and so lvent .  

A l l  a i r  samples taken i n  September 1973, while  t he  p r i n t i n g  department was 
s t i l l  i n  ope ra t ion ,  showed MEK concen t r a t ions  above e s t a b l i s h e d  s tandards .  
Highest MEK concent ra t ions  were recorded ad jacent  t o  p r i n t i n g  machines. The 
a i rbo rne  MBK concent ra t ion  exceeded s tandards  i n  one sample, a l s o  ad j acen t  t o  
t he  p r i n t i n g  machines. 

The i n v e s t i g a t o r s  a l s o  learned  t h a t  CCF operated a s i m i l a r  fabr ic -coa t ing  
p l a n t  i n  Newark, Ca l i fo rn i a .  Raw m a t e r i a l s ,  p roducts ,  machinery, and 
product ion techniques i n  Newark were gene ra l ly  i d e n t i c a l  t o  those of t he  
Columbus p l a n t .  However, t h e  company eva lua ted  new m a t e r i a l s  and techniques 
a t  t he  Columbus p l a n t  before  t r a n s f e r r i n g  them t o  Newark. Unlike Columbus, 
t h e  Newark p l a n t  had never used MBK a s  a so lvent  i ng red ien t  i n  i t s  p r i n t i n g  
process;  only MEK was used. 

Using a d d i t i o n a l  exposure information,  and personnel  records  a t  t he  p l a n t ,  
t he  i n v e s t i g a t o r s  r e c l a s s i f i e d  t h e  Columbus workforce according t o  exposure t o  
a number of i n d u s t r i a l  agents  o r  processes  i n  use a t  t he  p l an t .  



C 8 
Disease prevalence by s e l e c t e d  chemicals  o r  p rocesses .  

No. of No. of exposed Disease 
Chemical agen t s  Case S workers eva lua ted  p reva l ence  ( X )  

Surface  c o a t s  w i th  Organosol 6 
and r a r e l y  MEK 

Latex and v i n y l  
s u r f a c e  c o a t s  

Sur face  c o a t s  w i th  MEK 0 1 3  

Hot o r  f l u i d  p l a s t i c  3 194 

Ink  and p l a s t i c  mix 1 7 1 

Inspec t ion  and s t o r a g e  u p s t a i r s  2 
o r  s e p a r a t e  rooms 

Outside p l a n t  

T o t a l  (exc luding  MBK) 

Quest ion 16 
Calcu la t e  d i s e a s e  prevalence f o r  each  of t he se  exposure c a t e g o r i e s .  Does 

t h i s  a n a l y s i s  c o n t r i b u t e  anyth ing  t o  t h e  c i r c u m s t a n t i a l  evidence a l r e a d y  
a v a i l a b l e  imp l i ca t i ng  MBK a s  t h e  e t i o l o g i c  agent?  

Question 17 
How would you exp la in  t h e  occurrence of ca se s  o u t s i d e  of t he  p r i n t  

department i f  MBK exposure was l i m i t e d  t o  t h e  p r i n t  department? 

Question 18  
How might a s tudy  of t he  Newark, C a l i f o r n i a  p l a n t  co r robora t e  t he  Columbus 

f i n d i n g s ?  

PART 6 

The Newark p r i n t  department employed 20 persons  i n  t he  same job c a t e g o r i e s  
a s  a t  t h e  Columbus p r i n t  department.  The occupat iona l  exposures of t h e s e  
workers were c l o s e l y  s i m i l a r  except  f o r  t h e  absence of KBK. EMG1s and N C V 1 s  
performed on a l l  p r i n t  department employees a t  Newark i n  l a t e  September 1973 
found no persons who met t he  c r i t e r i a  of neuropathy. A s i m i l a r  examinat ion 
performed on approximately 20 a d d i t i o n a l  Newark workers found no neuropathy. 
Although smal l ,  t h i s  p a r a l l e l  s tudy  a t  Newark provided a n  e x t e r n a l  worker- 
comparison group t h a t  i s  comparable i n  n e a r l y  every occupat iona l  exposure 
except  f o r  t h e  absence of MBK. 



C 9 
Evaluat ing dose-response 

Although c i r c u m s t a n t i a l  evidence a l r e a d y  imp l i ca t e s  MBK a s  t h e  e t i o l o g i c a l  
agen t ,  such evidence would be s t rengthened  by t h e  demonstrat ion of a p o s i t i v e  
dose-response r e l a t i o n .  I f  a c a u s a l  r e l a t i o n s h i p  e x i s t s ,  increased  exposure 
should be a s soc i a t ed  wi th  increased  i n  inc idence ,  increased  s e v e r i t y  of 
i l l n e s s ,  and decreased l a t e n c y  i n t e r v a l .  

To roughly eva lua t e  t h e  dose-response, p r i n t  shop workers i n  t h e  Columbus 
p l a n t  were d iv ided  i n t o  f i v e  c a t e g o r i e s .  Disease prevalence was then  examined 
using job c a t e g o r i e s  a s  a su r roga t e ,  q u a l i t a t i v e  measure of exposure: 

The h ighes t  exposure i n  t h e  p r i n t  shop was experienced by ope ra to r s .  These 
workers were i n  cons tan t  con tac t  w i t h  so lven t  vapours and had more f r equen t  
phys i ca l  con tac t  wi th  t h e  l i q u i d  so lven t  than  o t h e r  p r i n t  department workers.  
Helpers  performed t h e  same t a s k s  a s  ope ra to r s ,  but l e f t  t he  machine f r e q u e n t l y  
t o  o b t a i n  a d d i t i o n a l  m a t e r i a l s  and r o l l s  of c l o t h ,  t hus  reducing t h e i r  t o t a l  
t ime of exposure t o  so lven t s .  Foremen and supe rv i so r s  had in f r equen t  c o n t a c t  
wi th  so lven t s ;  t h e  same was t r u e  of s e r v i c e  h e l p e r s  who p r imar i l y  c a r r i e d  
equipment and m a t e r i a l  w i t h i n  t h e  department and throughout t h e  p l a n t .  A 
s p e c i a l  subgroup of s e r v i c e  h e l p e r s  were t h e  pan washers,  r e spons ib l e  f o r  
c lean ing  t h e  i n k  pans wi th  so lven t s .  Although t h e s e  workers,  l i k e  t h e  
ope ra to r s ,  had cons tan t  exposure t o  s o l v e n t s ,  t hey  were t h e  only persons i n  
t h e  p r i n t  department allowed t o  wear g loves ,  aprons ,  o r  f a c e  masks. Thus, 
t h e i r  a c t u a l  exposure was d i f f i c u l t  t o  a s s e s s .  

Question 19 
Ca lcu l a t e  t he  fol lowing job-specif ic  p reva lences :  

Job - I11 - 
Operator  2 2 
Helper 8 
Serv ice  he lpe r  0 
Supervisor  0 
Pan washer 2 

To ta l  Prevalence 
6 1 
1 7  

Question 20 
Are t he se  r e s u l t s  c o n s i s t e n t  wi th  t h e  no t ion  of dose-response? 

Question 21 
How do you exp la in  t he  prevalences i n  t he  pan washers? 

PART 7 

Concluding comments 
Four l i n e s  of evidence suggest  t h a t  exposure t o  MBK was respons ib le  f o r  

t h i s  outbreak of p e r i p h e r a l  neuropathy: ( 1 )  t h e  c l o s e  temporal r e l a t i o n s h i p  
between t h e  occurrence of ca se s  and t h e  i n t r o d u c t i o n  of MBK i n t o  t he  p l a n t ;  
(2)  t h e  abrupt  t e rmina t ion  of t h e  epidemic which occurred upon removal of MBK 
from the  p l a n t  i n  September 1973; (3)  the  concen t r a t i on  of ca se s  among 
employees a t  t h e  p l a n t ' s  p r i n t  department where MRK was used almost 



C 1 0  
exc lus ive ly ;  and ( 4 )  t h e  p o s i t i v e  dose-response r e l a t i o n s h i p  i n  t h e  p r i n t  shop 
between i n t e n s i t y  of exposure and t h e  prevalence of neuropathy. The absence 
of ca se s  from t h e  Newark p l a n t  provides  f u r t h e r  suppor t ing  evidence of t h e  
e t i o l o g i c a l  r o l e  of MBK. 

T h e o r e t i c a l l y ,  it seems p o s s i b l e  t h a t  MBK might have ac t ed  a s  a v e h i c l e  o r  
p o t e n t i a t i n g  agent  f o r  some o t h e r  u n i d e n t i f i e d  t ox in .  This  p o s s i b i l i t y  i s  
remote, however, s i n c e  t h e  ep idemiologica l  evidence a s s o c i a t i n g  i l l n e s s  w i th  
MBK usage i s  q u i t e  d i r e c t  and s i n c e  MBK i s  a r e l a t i v e l y  i n e r t  subs tance  which 
does not  r e a c t  r e a d i l y  wi th  o t h e r  chemicals.  That t h e  so lven t  p r o p e r t i e s  of 
MBK might have inc reased  abso rp t ion  of some o t h e r  t o x i n  i s  u n l i k e l y  s i n c e  
o t h e r  so lven t s  wi th  s i m i l a r  p r o p e r t i e s  (MEK, MIBK, and ace tone)  a r e  widely 
a v a i l a b l e  i n  both Columbus and Newark. The subsequent demonstrat ion of 
neuropathy i n  r a t s  exposed t o  MBK provided experimental  support  t o  t h e  
ep idemiologica l  evidence t h a t  MBK was d i r e c t l y  r e spons ib l e .  The p o s s i b i l i t y  
t h a t  MBK i n  combination wi th  MEK has  an  i n t e r a c t i v e  o r  s y n e r g i s t i c  e f f e c t  i n  
humans cannot be t e s t e d  by t h i s  i n v e s t i g a t i o n .  

The neuropathy seen i n  Columbus c l o s e l y  resembles c l i n i c a l  i l l n e s s  
produced by n-hexane i n  Japanese and American workers. Both n-hexane and MBK 
a r e  6-carbon-diphat ic  cha ins ,  t h e  s o l e  d i f f e r e n c e  being b e t a o x i d a t i o n  of t he  
cha in  i n  MBK. B a c t e r i a l  enzyme systems have been shown t o  convert  MBK t o  
n-hexane, and v i c e  versa .  Such obse rva t ions  suggest  p o s s i b l e  avenues f o r  - 
f u r t h e r  t o x i c o l o g i c a l  r e sea rch  and c l e a r l y  i n d i c a t e  a need f o r  such s o l v e n t s  
t o  be c l o s e l y  screened f o r  adverse h e a l t h  e f f e c t s  p r i o r  t o  t h e i r  i n t r o d u c t i o n  
i n t o  t h e  i n d u s t r i a l  workplace. I 
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INSTRUCTOR'S NOTES 
OCCUPATIONAL NEUROLOGICAL DISEASE 

Summarv 

This case i s  intended t o  i l l u s t r a t e  the  use of t r a d i t i o n a l  c ross-sec t ional  
methods of outbreak inves t iga t ion  t o  a s sess  a c l u s t e r  of occupational 
neurological  d isease .  The progresssion of the  inves t iga t ion  includes the  
following s t e p s  : 

1)  Confirming the  diagnosis  f o r  the  index case ( s ) .  
2)  Iden t i fy ing  o the r  unrecognized cases. 
3) Es tabl ish ing a case d e f i n i t i o n .  
4 )  Characterizing the  cases  by person, p lace ,  and time. 
5) P l o t t i n g  an epidemic curve. 
6)  Computing and comparing d i sease  prevalence ( a t t a c k  r a t e s )  between 

subgroups having d i f f e r e n t  exposures. 

This  case provides a bridge between the  methods of in fec t ious  d isease  
epidemiology and chronic d i sease  epidemiology. Methods of acute  outbreak 
inves t iga t ion  work ( e f f e c t i v e l y  i d e n t i f y  the  causal  agent) i n  t h i s  case ,  
because the  outbreak was extreme, had a f a i r l y  shor t  la tency,  and the  a f fec ted  
workers had not l e f t  the  workforce. Methods f o r  more complex s i t u a t i o n s  would 
need t o  be introduced i n  o the r  cases.  

PART 1 

Answer 1 

Since no one person o r  agency i s  c l e a r l y  i n  charge, the a reas  of 
r e s p o n s i b i l i t y  should be agreed upon ea r ly .  Open communication i s  a c e n t r a l  
need. Some components of i t  a re :  

a )  t o  decide i n  advance who i s  responsible f o r  each of the major components 
of the  inves t iga t ion ;  

b) t o  agree on method (and spokesperson) f o r  approaching both management and 
workers - N.B. i f  t he  shop i s  unionized, i n t e r n a t i o n a l  union a s  well  a s  
l o c a l  union o f f i c i a l s  must be involved; 

c )  t o  agree on who speaks t o  t h e  press ;  and 

d )  t o  agree on r u l e s  regarding the  publ ica t ion  of r e s u l t s .  

Answer 2 

A s  i n  any outbreak inves t iga t ion ,  the  f i r s t  two quest ions t o  resolve  a re :  

a a )  Are the  cases  r e a l ?  

b) Is t h e r e  r e a l l y  an epidemic? 



To answer t h e s e ,  s u f f i c i e n t  c l i n i c a l  in format ion  is  needed on t h e  i n i t i a l  
c a s e s  t o  confirm d i sease .  Given t h e  l a r g e  number of ca se s ,  and low background 
occurrence of p e r i p h e r a l  neuropathy, one may s t r o n g l y  suspec t  t h a t  an epidemic 
exis ts .  Other necessary  in format ion  inc ludes  t h e  number of workers a t  t h e  
p l a n t ,  t h e  d a t e s  of onse t  of d i s e a s e ,  common f e a t u r e s  shared by c a s e s ,  e t c .  

Note- A s tuden t  may a sk  a t  t h i s  p o i n t  whether any r ecen t  changes had 
occurred i n  t h e  p l a n t  p rocesses  o r  m a t e r i a l s .  C l e a r l y  t h i s  ques t i on  i s  
along t h e  r i g h t  t r a c k ,  but premature - t r y  t o  hold t h e  s tuden t  o f f .  

PART 2 

It i s  u s e f u l  t o  d i s c u s s  t h e  va r ious  e t i o l o g i e s  of neuropathy a t  t h i s  
p o i n t ,  both t o  engage t h e  c l i n i c i a n s  i n  t h e  group, and t o  p o i n t  ou t  t h a t  t h e  
e t i o l o g y  of t h e  outbreak should not be assumed t o  be tox ic .  

Answer 3 

The p o s s i b l e  cons ide ra t i ons  i nc lude  both occupat iona l  and nonoccupat ional  
causes  of neuropathy: Among t h e  causes  a r e :  

a )  b a c t e r i o t o x i c  - d i p h t h e r i a ,  t e t a n u s ,  l ep rosy ,  t u b e r c u l o s i s ;  

b) immunological - i nc lud ing  Gui l la in-Bar r  syndrome; 

c )  mechanical - trauma, p re s su re  e f f e c t s ,  r a d i c u l o p a t h i e s ,  d i s c  
d i s e a s e ,  c a r p a l  t unne l  syndromes; 

d )  t o x i c  - a r s e n i c ,  l e ad ,  mercury, organophosphates (e.g.  pa ra th ion ,  
l ep tophos ,  t r i o r t h o c r e s y l  phosphate) ,  t ha l l i um,  carbon d i s u l f i d e ,  
t r i c h l o r o e t h y l e n e ,  
i s o n i a z i d ,  methyl a l coho l ,  t e t r a c h l o r o e t h a n e ,  acrylamide,  v i tamin  B12 
excess  ; 

e )  metabol ic  and n u t r i t i o n a l  - vi tamin  B1 de f i c i ency ,  f o l a t e  o r  v i tamin  
B12 d e f i c i e n c y ,  d i a b e t e s  m e l l i t u s ,  myxoedema, porphyr ia ,  gou t ,  
amyloidosi S ; 

f )  va scu l a r ;  

g) n e o p l a s t i c  - (e.g. ,  p a r a n e o p l a s t i c  syndromes may inc lude  e i t h e r  
sensorimotor  o r  pure  sensory neuropathy);  and 

h)  degenera t ive .  

The commonest cause of p e r i p h e r a l  neuropathy i n  t h e  USA i s  ch ron ic  
a lcohol ism.  

Answer 4 

L i t t l e  occupat iona l  h i s t o r y  i s  provided. 



Answer 5 

C h a r a c t e r i z a t i o n  of t h e  outbreak.  

- Case-finding is  t h e  next  s t e p  of t r a d i t i o n a l  ou tbreak  i n v e s t i g a t i o n .  The 
c a s e s  of t h e  d i s e a s e  need t o  be s y s t e m a t i c a l l y  i d e n t i f i e d  s o  t h a t  they  can  
be cha rac t e r i zed  by " t ime,  p l ace ,  and person". 

- Already e x i s t i n g  sources  of d a t a  such a s  p l a n t  s i c k  l is ts  
inc lud ing  d a t a  on r ecen t  medical l e aves  of absence, p l a n t  nu r se ' s  r eco rds ,  
r eco rds  of nearby h o s p i t a l s ,  union r eco rds ,  and worker 's  compensation d a t a  
may be used. New d a t a  should be generated by in te rv iewing  and examining 
workers,  a s  was i n  f a c t  done i n  t h i s  s tudy.  

Answer 6 

S u b c l i n i c a l  ca se s  

It is  p o t e n t i a l l y  very  u s e f u l  t o  s ea rch  f o r  s u b c l i n i c a l  ca se s .  
S u b c l i n i c a l  a l t e r a t i o n s  occur  on a  continuum wi th  c l i n i c a l  d i s ea se .  These 

might be expected among workers w i th  s h o r t  o r  low i n t e n s i t y  exposure.  Such 
e a r l y  e f f e c t s  have been documented from exposure t o  l ead ,  mercury, s o l v e n t s ,  
and p e s t i c i d e s .  An important  po in t  i s  t h a t  s u b c l i n i c a l  neuropathy does i n  
f a c t  r e f l e c t  t i s s u e  i n j u r y  and i s  not  merely a  phys io log i ca l  adap ta t i on  t o  t h e  
presence of tox in .  

The d e t e c t i o n  of s u b c l i n i c a l  c a s e s  i n  t h i s  outbreak would be accomplished 
through e l e c t r o d i a g n o s t i c  t e s t i n g .  

PART 3 

Answer 7 

The i n i t i a l  EMG/NCV sc reen ing  programme provides  an example of how not  t o  
go about sc reen ing  a  popula t ion  f o r  d i s ea se .  Even i f  t h e  i n v e s t i g a t o r s  were 
c o r r e c t  t h a t  most of t h e  apparent  d i s e a s e  (and t h e r e f o r e  t h e  c a u s a l  agen t )  was 
i n  t h e  p r i n t  shop, t h i s  approach would not  y i e l d  a  comparison popula t ion  t h a t  
had been screened i n  a  comparable way. Changing course ,  and dec id ing  t o  
s c r een  t h e  e n t i r e  p l a n t  d i d  provide an i n t e r n a l  comparison populat ion.  
However, i t  i s  very unusual  t o  have s o  many workers ag ree  t o  a  p a i n f u l  and 
invas ive  t e s t .  Sys t ema t i ca l l y  sampling workers from t h e  non-print departments  
would have been a  more e f f i c i e n t  des ign  than  examining everyone. 

Two o t h e r  problems wi th  t h i s  approach a r e  1 )  p o t e n t i a l  examiner b i a s  
( in t roduced  by t e s t i n g  workers from t h e  p r i n t  shop and a l l  s e l f - r epo r t ed ,  
symptomatic workers f i r s t ,  and then  workers from o t h e r  a r e a s  l a t e r )  and 2 )  
p o t e n t i a l  underes t imat ion  of t h e  magnitude of t h e  outbreak,  due t o  l i m i t i n g  
t h e  i n v e s t i g a t i o n  t o  c u r r e n t  workers. On t h e  p o s i t i v e  s i d e ,  t h e  94% 
p a r t i c i p a t i o n  r a t e  i s  q u i t e  remarkable. 



C 14 
Answer 8 

Follow-up procedures.  The t h e o r e t i c a l  problem of r e f e r r i n g  f o r  
follow-up only  those  persons found "pos i t i ve"  on EMG screening  i s  t h a t  
persons inappropr i a t e ly  screened a s  "negat ives" ,  ( i . e . ,  f a l s e  nega t ives)  
w i l l  be l o s t  t o  follow-up. I n  p r a c t i c e  t h a t  should not pose a  major problem 
i n  t h i s  s i t u a t i o n .  I n  t h i s  s i t u a t i o n  we have numerous c a s e s  of c l i n i c a l l y  
apparent  d i s e a s e ,  so  t h a t  l o s i n g  some s u b c l i n i c a l  c a s e s  w i l l  s t i l l  leave  a  
s u b s t a n t i a l  number of cases .  I n  a d d i t i o n ,  s i n c e  t h e  i n v e s t i g a t o r s  have 
included an  abnormal EMG and NCV r e s u l t  a s  p a r t  of t h e  ca se  d e f i n i t i o n ,  
t h e s e  i n d i v i d u a l s  would be l o s t  anyway. 

For some audiences,  t h i s  may be a  u s e f u l  oppor tuni ty  t o  d i s c u s s  concepts  
of sc reening .  Screening t e s t s  a r e  t h e  pre l iminary  t e s t s  which a r e  used t o  
d i v i d e  the  popula t ion  i n t o  those  wi th  high versus  low p r o b a b i l i t i e s  of 
having d i sease .  A d e f i n i t e  d i agnos i s  i s  determined by follow-up 
examination. An underlying problem i n  t h i s  i n v e s t i g a t i o n  is  t h a t  t h e r e  i s  
no "gold s tandard"  by which t o  c l a s s i f y  workers a s  d i seased  o r  not 
d i seased .  I f  one were a v a i l a b l e  i t  might be poss ib l e  t o  compare the  
e f f i c a c y  ( s e n s i t i v i t y  and s p e c i f i c i t y )  of a  number of d i f f e r e n t  sc reening  
t e s t s .  

The concepts  of s e n s i t i v i t y  and s p e c i f i c i t y  a r e  bes t  v i s u a l i z e d  i n  terms 
of a  2 X 2 diagram: 

d e f i n i t i v e  examinat f on 
p o s i t i v e  negat ive  

p re sen t  a  b  
screening  examination 

absent  C d  

The s e n s i t i v i t y  of t h e  screen  i s  def ined  a s  a  
a + c  

The s p e c i f i c i t y  of t h e  sc reen  i s  def ined  a s  d 
b + d  

F a l s e  p o s i t i v e s  = b 
F a l s e  nega t ives  = c 

Answer 9 
The case  d e f i n i t i o n  i s  not e x p l i c i t l y  s t a t e d .  Opera t iona l ly ,  i t  

involved some combination of e l e c t r o d i a g n o s t i c ,  phys i ca l ,  and h i s t o r y  
f ind ings .  

Answer 10  
What one does wi th  t h e  37 persons wi th  extra-occupat ional  r i s k  f a c t o r s  

depends l a r g e l y  upon circumstances.  I n  t h i s  i n v e s t i g a t i o n ,  they  were 
excluded from a d d i t i o n a l  a n a l y s i s  i n  o rde r  t o  ensure  t h a t  t h e  "cases" could 
only  be explained by occupation. Had t h e r e  been fewer ca ses ,  t h e  
i n v e s t i g a t o r s  would have been unable t o  exclude these  37. I n  a d d i t i o n ,  by 
excluding them, they  could no longer  examine t h e  i n t e r a c t i o n  between 
occupat iona l  and o t h e r  r i s k  f a c t o r s .  A p o s s i b l e  compromise would be t o  
conduct t h e  a n a l y s i s  w i th  t h e s e  37 c a s e s  i n  and out  of t h e  a n a l y s i s ,  and t o  
s e e  whether t hey  make a  d i f f e r e n c e .  



Answer 11 
There i s  no bes t  answer f o r  t h i s  quest ion.  Because the  d i s e a s e  s t a t u s  has 

been defined simply a s  e i t h e r  ill and-wel l ,  t h e r e  a r e  invar i ab ly  some 
i n d i v i d u a l s  who a r e  border l ine .  Excluding these  might be too c o s t l y  i f  one 
had few "cases". Under those  circumstances,  one could e i t h e r  r e l a x  t h e  case  
d e f i n i t i o n  o r  switch t o  a  more e f f i c i e n t  form of a n a l y s i s ,  keeping the  outcome 
d a t a  (EMG and NCV) a s  continuous. Under t h e  present  circumstances t h i s  group 
could be analysed separa te ly  t o  look f o r  p a r a l l e l i s m s  between t h e i r  
epidemiological  f e a t u r e s  and those  of t h e  48 w i t  " d e f i n i t e  neuropathy. 

PART 4 . Fig -. - PERIPHERAL NEUAOPATHY CASES: BY h!ONTH SF ONSET 

Answer 12 

' 9  CASLS-OAtf OT ONSET NOT AVAILAILL 
- - - - - - -- - 

Fig. 1. Per iphera l  neuropathy cases ,  by month of onset  (n ine  cases  - d a t e  of 
onset  not  a v a i l a b l e ) .  

The temporal c l u s t e r i n g  of cases  beginning i n  Ju ly  1972 i s  extremely 
informat ive ,  but the  shape of t h e  curve i s  not .  The slow upslope of t h e  
epidemic curve could be c o n s i s t e n t  with e i t h e r  t h e  gradual  in t roduc t ion  of a  
common-source agen t ,  t h e  presence of a  common-source with widely varying 
la tency,  o r  the  occurrence of person-to-person transmission.  This  epidemic 
curve i s  c h i e f l y  u s e f u l  i n  suggest ing t h a t  cases  were c l u s t e r e d  i n  t ime,  
suggest ing the  in t roduc t ion  of a  new agent  o r  a  change i n  the  process.  It 
would be h e l p f u l  t o  confirm t h a t  t h e r e  were no cases  p r i o r  t o  J u l y  1972, i f  
p l a n t  medical o r  insurance  records allowed you t o  do so. There is  no 
i n d i c a t i o n  whether t h e  absence of cases  a f t e r  September 1973 i s  r e a l ,  o r  a' 
d e t e c t i o n  a r t i f a c t  due t o  the  te rminat ion  of the  i n v e s t i g a t i o n .  



Answer 1 3  

Table of prevalence by department 

Department 

P r i n t  
Base coa t  
P l a s t i c  ca lendar  
Mixing 
Embossing 
PX i n s p e c t i o n  
South m i  l1 
North m i l l  
Shipping 
South coa t  
Other 
O f f i c e  

T o t a l  
A l l  departments 
excluding p r i n t  

No. of No. of persons 
Cases examined Prevalence ( X )  

Answer 14 

The prevalence of neuropathy i n  t h e  p r i n t  department was 21.5%, which i s  
16.5-fold h ighe r  than  t h e  prevalence i n  a l l  o t h e r  departments combined 
(1.3%).  The d i f f e r e n c e  i n  t h e s e  p ropor t ions  i s  s t a t i s t i c a l l y  h ighly  
s i g n i f i c a n t  ( p  l e s s  than  0.001). These d a t a  suggest  t h a t  t h e  h e a v i e s t  
exposures t o  t h e  offending subs tance  occurred i n  t h e  p r i n t  department. 
(This  ques t ion  provides  an oppor tun i ty  t o  d i s c u s s  t h e  va lue  of comparing 
d i s e a s e  f r equenc ie s  a s  we l l  a s  computing p values.)  

Answer 15  

I n d u s t r i a l  hygiene d a t a  a r e  t he  major missing p i eces  of information.  
Those d a t a  i nc lude  informat ion  on exposures i n  t h e  p l a n t ,  and most 
impor tan t ly ,  in format ion  on r ecen t  changes i n  p l a n t  processes .  



PART 5 

Disease prevalence by se lec ted  chemicals o r  processes. 

Chemical agents  
MBK/MEK 

No. of No. of e x ~ o s e d  Disease 
Cases workers evHluated prevalence (%) 

3 6 167 21.6 

Surface coa t s  with Organosol 6 
and r a r e l y  MEK 

Latex and v inyl  
surface  coa t s  

Surface coa t s  with MEK 0 13 0 

Hot o r  f l u i d  p l a s t i c  3 194 1.5 

Ink and p l a s t i c  mix 1 7 1 1.4 

Inspect ion  & s torage  u p s t a i r s  2 
o r  separa te  rooms 

m Outside p lant  0 155 0 

To ta l  (excluding MBK) 12 732 1.6 

Answer 16 

The poss ib le  r o l e  of other  chemicals was considered by examining the  
prevalence of neuropathy i n  persons exposed t o  var ious  chemicals o r  
processes. (Note - except f o r  MBK, these  ca tegor ies  overlap.) The 
prevalence of d i sease  i n  the  MBK a rea  ( p r i n t  shop) was 21.6%, 13.5-fold 
higher than t h a t  i n  a reas  t h a t  were o f f i c i a l l y  non-MBK (1.6%). This  
ana lys i s  con t r ibu tes  r e l a t i v e l y  l i t t l e  t o  the  previous ana lys i s  of d i sease  
prevalence by department, except t o  show t h a t  workers exposed t o  o the r  
agents  of p o t e n t i a l  concern (e.g.,  MEK alone) have much l e s s  d i sease  than do 
those exposed t o  the  MBK/MEK combination. (Note- i t  i s  impossible t o  
separa te  MBK from the  MBK/MEK combination, s ince  MBK always occurs with MEK 
i n  this p lan t . )  

Answer 17 

Besides being present  i n  p r i n t  department ink ,  the  MBK/MEK mixture was 
ava i l ab le  a t  pump s t a t i o n s  and i n  the  mixing a rea  i n  t h e  p r i n t  department 
f o r  thinning ink  and f o r  clean-up operat ions.  Employees of o ther  
departments occas ional ly  "borrowed" the  MBK/MEK mixture from t h e  pump 
s t a t i o n s  f o r  minor clean-up operat ions;  a case-by-case John Snow evaluat ion  

m of exposures i n  cases from o the r  departments might have been very 
informative. Otherwise, MBK had no uses i n  o ther  departments i n  the  
Columbus fac tory .  



Answer 18  

Studies  of the  Newark, Ca l i fo rn ia  p lan t .  

The Newark p lan t  provides an ex te rna l  comparison group t h a t  i s  t o t a l l y  
f r e e  of MBK, but otherwise c lose ly  s i m i l a r  i n  o the r  occupational exposures. 
(See add i t iona l  information a t  beginning of Pa r t  6 . )  

PART 6  

Answer 19 

Job-specif ic  prevalences: 

Department prevalence r a t e s  by job category. 

Job - 
Operator 
Helper 
Service he lper  
Supervisor 
Pan washer 

111 - Tota l  Prevalence (2 )  

Answer 20 

Yes - t hese  da ta  a r e  cons is tent  with a dose-response re l a t ionsh ip .  

Answer 21 

The two cases among the  seven pan washers suggest t h a t  the  p ro tec t ive  
equipment may have been ine f fec t ive .  



LUNG CANCER I N  CHEMICAL WORKERS* 

PART 1 
Bob Pont ious,  44 yea r  o ld  chemical worker, f a t h e r  of f i v e ,  nonsmoker, was 

r e f e r r e d  t o  a c h e s t  phys ic ian  i n  1971. H i s  symptoms were cough and 
haemoptysis. An o a t  c e l l  o r  small  c e l l  bronchogenic carcinoma of t h e  lung was 
found a t  surgery .  Pontious informed t h e  phys i c i an  t h a t ,  inc lud ing  h imse l f ,  14  
of approximately 125 co-workers had lung cancer .  The ca se s  had occurred over  
many yea r s  i n  two u n i t s  of a chemical f a c t o r y  where they  mixed formal in ,  
methanol, and hydrochlor ic  a c i d  i n  two, 3800 l i t r e  k e t t l e s  t o  produce 
chloromethyl methyl e t h e r  ( C m ) .  During t h e  process  fumes were o f t e n  
v i s i b l e .  To check f o r  l o s s e s ,  t h e  workers r a i s e d  t he  l i d s  on t h e  k e t t l e s  
s e v e r a l  t imes  du r ing  each s h i f t .  The employees considered i t  a good day i f  
t h e  e n t i r e  bu i ld ing  had t o  be evacuated only t h r e e  o r  f o u r  t imes per  
eight-hour s h i f t  because of noxious fumes. 

Question 1 
a )  What occupat iona l  agents  a r e  known t o  cause lung cancer? 
b) Suppose t h a t  you were t h e  phys ic ian ,  t h a t  t h e  d a t e  was 1971, and t h a t  you 

suspec t  t h a t  t he  lung cancers  a t  t h i s  p l a n t  may be occupat iona l ly  
induced. How might you proceed? 

PART 2 
From the  index case ,  o t h e r  phys i c i ans ,  and the  h o s p i t a l  c h a r t s  of t he  

o t h e r  p a t i e n t s ,  t h e  ches t  phys i c i an  pieced toge the r  t h e  fol lowing informat ion  
(Table  V ) .  

Case 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
1 0  
11 
12 
1 3  
14  

Table V.  C l i n i c a l  information on t h e  14 
repor ted  c a s e s  of lung cancer  

Age a t  
d i agnos i s  Smoking 

( y e a r s )  h i s t o r y  
3 7 None 

*p.y. = pack-years 

20 p.y.* 
20 p.y. 
20 p.y. 
1 0  p.y. 
21 p.y.  
20 p.y. 
40 p.y.  
33 p.y. 
30 p.y. 
40 p .y .  
p ipe  
None 
None 

Year diagnosed 
1962 

type 
Unknown 
Oat c e l l  
Oat c e l l  
Oat c e l l  
Oat c e l l  
Oat c e l l  
Oat c e l l  
Oat c e l l  
Oat c e l l  
Squamous 
Oat c e l l  
Oat c e l l  
Oat c e l l  
Oat c e l l  

- Source - Figueroa,  e t  a l .  1973, Table I ,  p 1096. 

* By William Halper in ,  1979; r ev i sed  1.983. 



Question 3, 
How i s  t h i s  a d d i t i o n a l  c l i n i c a l  in format ion  u s e f u l ?  

PART 3 
I n  t h e  e a r l y  19708, the  h i s t o l o g i c a l  d i s t r i b u t i o n  of lung cancer  had not  

been we l l  cha rac t e r i zed ,  though Galofre  and coworkers had made a 
c l a s s i f i c a t i o n  i n  1964 (Table VI): 

Table V I .  Approximate d i s t r i b u t i o n  of pa thologic  c e l l  types  of 
lung cancer  i n  t h e  gene ra l  population*. 

Pa thologic  type Percentage of t o t a l  

Bronchogenic cancer  
Squamous 
Adenocarcinoma 
Undif f  e r e n t i a t e d  

Large c e l l  
Oat ( smal l )  c e l l  

Bronchial  adenoma 
Alveolar  c e l l  
Me s e  nchyma l 
Miscellaneous 

* Source - Galofre ,  M. e l  a l .  1964. 

Question 3 
Assuming t h a t  t h i s  d i s t r i b u t i o n  r e f l e c t s  r e a l i t y  i n  1971, how could the  

l i ke l ihood  be q u a n t i f i e d ,  t h a t  chance a lone  explained t h e  observed f r a c t i o n  of 
oa t  c e l l  cancers  i n  t he  s e r i e s ?  (For t h e  purpose of t h i s  exe rc i se ,  assume 
a l s o  t h a t  t hese  14 c a s e s  represent  a l l  of t h e  ca ses  of lung cancer  t h a t  have 
occurred,  and t h a t  c e l l  type i s  not a f f e c t e d  by age o r  o t h e r  c o v a r i a t e s  about 
which we have no information.)  

Question 4 
I n  r e t r o s p e c t ,  i n  what year  d id  t h i s  s e r i e s  become improbable? 

PART 4 

H i s t o r i c a l  background 

I n  a c t u a l  f a c t ,  the management of t he  chemical p l a n t  i n  which these  cases  
occurred did recognize an  unusual c l u s t e r  of lung cancer  c a s e s  i n  1962. They 
submitted a l i s t  of 102 chemicals used a t  the  p l an t  t o  a t o x i c o l o g i s t  t o  
determine i f  any were known carcinogens.  This  review was unhelpfu l ,  s i n c e  t h e  
causa t ive  agent was not known t o  be carcinogenic a t  t he  time. They a l s o  
i n i t i a t e d  a screening programme of semiannual ches t  x-rays f o r  workers i n  t h e  
a r ea  of the p l an t  where the f i r s t  t h r ee  cases  had appeared. 



D 3 
I n  1964, a s  ca se s  cont inued t o  occur ,  a  team of t o x i c o l o g i s t s  toured  t h e  

i n d u s t r i a l  s i t e .  They suspected e i t h e r  CMME o r  bis-chloromethyl e t h e r  (BCME) 
a s  t h e  c a u s a t i v e  agent .  BCME i s  a contaminant i n  t h e  manufacture of CMME 
account ing f o r  1-7% of t o t a l  volume. The formulas  of CMME and BCME a r e :  

CMME BCME 

H H H H 
I I I I 

H-C-0-C-H-C1 CL-C-0-C-CL 
I I 1 I 

H H H H 
I n  1965, t h e  US Nat ional  Cancer I n s t i t u t e  (NCI) funded c a r c i n o g e n i c i t y  

s t u d i e s  of these  agents .  The r e s u l t s  were r epo r t ed  by Van Duusen, e t  a l .  i n  
1968. These s t u d i e s  showed t h a t  CMME was i n a c t i v e  a s  a  carcinogen,  but 1 3  of 
20(65%) of mice exposed t o  BCME developed papi l lomas,  and 12 of t he se  1 3  (92%) 
progressed t o  squamous c e l l  carcinomas w i t h i n  325 days.  The r e p o r t  concluded 
t h a t  "The r e s u l t s  t o  d a t e  i nd i ca t ed  very c l e a r l y  t h a t  BCME i s  a po ten t  
a l k y l a t i n g  carcinogen f o r  mouse s k i n ,  whereas CMME i s  i n a c t i v e .  However, 
cont inued t e s t i n g  of t he  l a t t e r  compound may i n d i c a t e  weak carc inogenic  
a c t i v i t y . "  

Following t h e  N C I  s tudy ,  t h e  company sponsored f u r t h e r  t o x i c o l o g i c a l  work 
inc luding  an i n h a l a t i o n  s tudy  of mice, repor ted  by Leong, e l  a l .  i n  1971. 
Groups of mice were exposed t o  CMME (2  ppm), BCME ( 1  ppm), t he  known mouse 
carcinogen ure thane  (138 ppm), and p l a i n  a i r  f o r  s i x  hourslday,  f i v e  dayslweek, 
from 21 t o  28 weeks. Lung tumours developed i n  50% of t he  CMME exposed group, 
55% of t h e  BCME group, 94% of t h e  ure thane  group, and 41% of t h e  p l a i n  a i r  
group. The BCME group had a  mean of 2.89 tumours per  animal a s  compared t o  
0.87 f o r  t he  a i r  exposed, 1 .53 f o r  t h e  C m ,  and 54.2 f o r  t h e  ure thane .  The 
r e p o r t  concluded, "BCME must be considered a n  a c t i v e  carcinogen ... t h e  
carc inogenic  e f f e c t  of CMME cannot be e s t a b l i s h e d  due t o  t h e  contaminat ion of a  
smal l  amount of BCME." 

Also i n  1971, t he  pre l iminary  r e p o r t  by Laskin and coworkers of a  follow-up 
t o  t h e  N C I  sponsored work was publ i shed .  This  was an  i n h a l a t i o n  s tudy  of 30 
r a t s  exposed t o  BCME (0 .1  ppm) f o r  s i x  hourslday,  f i v e  dayslweek, f o r  101 
exposures.  F ive  of t h e  n ine t een  r a t s  coming t o  autopsy had squamous c e l l  
carcinomas of t h e  lung,  f i v e  had aesthesioneuroepitheliomas a r i s i n g  from t h e  
o l f a c t o r y  ep i the l ium.  One had both. 

Question 5 
Given these  f i nd ings ,  what pub l i c  h e a l t h  a c t i o n s  a r e  c a l l e d  f o r ?  

PART 5 
I n  J u l y  1971, r e p r e s e n t a t i v e s  of i ndus t ry ,  government, and academia m e t  t o  

d i s c u s s  t h e  t o x i c o l o g i c a l  f i n d i n g s ,  and t o  determine t h e  f u t u r e  r e sea rch  and 
r egu la to ry  a c t i o n s  needed f o r  BCME (Lemen, e t  a l .  1976).  NIOSH decided t o  
conduct an i n d u s t r i a l  hygiene survey,  and then  a  r e t r o s p e c t i v e  s tudy  of cancer  
inc idence  a t  a  chemical p l a n t  i n  C a l i f o r n i a  which produced an ion  exchange 
r e s i n s .  This  process  involved exposure t o  RCME a s  a  contaminant.  The purpose 
of t h e  s tudy  was t o  determine whether a  s i m i l a r  exces s  of lung cancer  was 
occu r r ing  i n  p l a n t s  o t h e r  t han  t h e  one i n  which t h e  i n i t i a l  c l u s t e r  had been 
noted.  The number of exposed workers i n  t h i s  p l a n t  was small .  Only 136 whi te  
males had achieved f i v e  yea r s  of employment i n  t h e  p l a n t  between 1 January 
1955, and 31 March 1972. 



Question G 
Do you t h i n k  t h a t  t h e  C a l i f o r n i a  p l an t  i s  old enough, and l a r g e  enough t o  

adequately determine t h e  human c a r c i n o g e n i c i t y  of BCME? 

PART 6 
Cons idera t ion  of s t a t i s t i c a l  power, o r  t h e  p r o b a b i l i t y  of no t  overlooking 

an excess  r i s k ,  i s  an  important  p a r t  of s tudy  des ign ,  s i n c e  i t  i n f l u e n c e s  
whether a proposed s tudy  i s  l i k e l y  t o  be l a r g e  enough t o  answer t h e  ques t i on  
of i n t e r e s t .  The power of a  s tudy  i s  t h e  p r o b a b i l i t y  t h a t  a  s t a t i s t i c a l l y  
s i g n i f i c a n t  a s s o c i a t i o n  w i l l  be found, i f  t h e  t r u e  va lue  of t h e  ' e f f e c t '  ( he re  
t h e  r a t i o  of inc idence  r a t e s )  i n  n a t u r e  i s  a s  it i s  hypothesized.  It r e f l e c t s  
t he  p r o b a b i l i t y  of no t  missing a  r e a l  e f f e c t .  Power can  be descr ibed  i n  a  
v a r i e t y  of s t a t i s t i c a l  terms (such a s  1 - Beta,  o r  t h e  p r o b a b i l i t y  of not  
making a  Type I1 e r r o r ) ,  but t he se  terms u s u a l l y  only confuse t h e  
n o n s t a t i s t i c i a n .  The purpose of t h i s  e x e r c i s e  i s  t o  communicate an  i n t u i t i v e  
understanding of power, by examining how power i s  inf luenced  by a number of 
o t h e r  s tudy  cond i t i ons .  

Question 7 
I n  follow-up ( cohor t )  s t u d i e s ,  such a s  t h a t  being proposed i n  C a l i f o r n i a ,  

s t a t i s t i c a l  power i s  dependent upon f o u r  f a c t o r s .  What a r e  t h e s e ?  

Estfmating t h e  power of t he  s tudy  
Le t  u s  assume f o r  t h e  sake of s i m p l i f i c a t i o n  t h a t ,  i n  t h e  p re sen t  example, 

t h e  inc idence  r a t e  of lung cancer  among t h e  unexposed i s  70/100 000 person- 
y e a r s ,  and t h a t  t he  workers a t  t h i s  C a l i f o r n i a  p l a n t  have accrued 700 
person-years a t  r i s k .  From t h i s  we can c a l c u l a t e  t h a t  0.49 i n c i d e n t  c a s e s  of 
lung cancer  would be expected j u s t  from t h e  background r a t e s  of lung cancer .  

F igure  2  shows t h e  r e l a t i o n s h i p  between s t a t i s t i c a l  power, t h e  number of 
expected dea ths ,  and t h e  assumed l e v e l  of ' e f f e c t ' .  I n  t h i s  i n s t ance ,  t h e  
l e v e l  of e f f e c t  i s  r e f e r r e d  t o  a s  t he  ' r e l a t i v e  r i s k ' ,  meaning more p r e c i s e l y  
t he  r a t i o  of t he  incidence r a t e  i n  t he  exposed t o  t h a t  i n  t h e  unexposed. 
Although Figure  2  r e f e r s  t o  t h e  number of expected dea ths ,  it works e q u a l l y  
wel l  f o r  t h e  number of expected i nc iden t  ca se s .  

Question 8 
a )  How do you i n t e r p r e t  F igure  2? 
b)  Given an  expected inc idence  r a t e  of 0.49,  what w i l l  be t h e  approximate 

power of t h e  s tudy  f o r  an assumed r a t e  r a t i o  of 2 ,  5, and 10? ( I n  our  
case ,  0.49 r e p r e s e n t s  t h e  number of expected i nc iden t  ca se s ,  not  dea ths ,  
but t h e  f i g u r e  works j u s t  t h e  same.) 
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EXPECTED DEATHS 

Figure 2 .  Approximate power curves f o r  various assumed r e l a t i v e  r i sks  i n  
standardized mortality r a t i o  s tudies  ( f o r  one-sided comparisons 
with alpha = 0.05) .  (From Beaumont & Breslow, 1981, p .  7 2 7 ) .  



I n t e r p r e t a t i o n .  More important than  being a b l e  t o  compute power i s  t o  
understand the  r e l a t i o n  between power and t h e  f a c t o r s  t h a t  i n f luence  it. 
Thus, s t a t i s t i c a l  power i n c r e a s e s  a s  t h e  s i z e  of t he  s tudy popula t ion  
inc reases ,  a s  t h e  hypothesized underlying r a t e  r a t i o  i nc reases ,  o r  a s  t h e  
d i s e a s e  r a t e  i n  t he  unexposed popula t ion  becomes more common. S t a t i s t i c a l  
power decreases  with small  s tudy  s i z e ,  when t h e  hypothesized underlying r a t e  
r a t i o  i s  small ,  o r  when the  d i sease  i s  r a r e .  

Considerat ions i n  s tudy  design. Usual ly,  i n  choosing t h e  sample s i z e  of a  
proposed s tudy,  the  s tudy popula t ion  is considered l a r g e  enough i f  it w i l l  
a l low d e t e c t i o n  of a  reasonably small  e f f e c t  (e.g. a  r a t e  r a t i o  of two o r  
more) wi th  a  power of above 80%. C lea r ly  t he  s t a t i s t i c a l  power of t he  present  
s tudy w i l l  be s u b s t a n t i a l l y  below t h a t .  Although it i s  poss ib l e  t h a t  t h e  
underlying r a t e  r a t i o  i s  l a r g e  enough so  t h a t  the  s tudy  w i l l  be p o s i t i v e  
d e s p i t e  t h e  smal l  sample s i z e ,  t h e r e  i s  a t  p resent  no d a t a  t o  support  t h i s  
p o s s i b i l i t y .  

Ouestion 9 

What a r e  t he  opt ions  open t o  t he  NIOSH i n v e s t i g a t o r s  proposing t o  s tudy  
t h e  Ca l i fo rn i a  p l a n t ?  

It should be noted t h a t  NIOSH d id  conduct a  r e t r o s p e c t  cohort  s tudy  of 
cancer  inc idence  a t  t h e  C a l i f o r n i a  p l a n t .  Their  r e s u l t s  were made pub l i c  i n  
May 1973. The NIOSH s tudy  repor ted  a  n inefo ld  inc rease  i n  t he  inc idence  of 
a l l  r e s p i r a t o r y  cancer  among 136 white  males employed f o r  a t  l e a s t  f i v e  yea r s  
between January 1955 t o  March 1972. Mean l a t e n c y  among the  cases  was 14.6 
years ,  suggest ing t h a t  t h e  epidemic had probably not  ended. The s tudy by t h e  
ches t  phys ic ian  included r e s u l t s  of t he  prospec t ive  s u r v e i l l a n c e  of cancer  
inc idence ,  conducted by t h e  company from 1963-1968. This  showed an e ight - fo ld  
inc rease  i n  lung cancer  when inc idence  r a t e s  were compared t o  those  of t he  
Phi lade lphia  Pulmonary Neoplasm Research P r o j e c t  (Figueroa,  e t  a l .  1973). 
Also i n  May 1973, t he  Occupational S a f e t y  and Heal th  Administrat ion 
promulgated t h e  Emergency Temporary Standard f o r  14  carcinogens,  i nc lud ing  
BCME. A c losed  system was mandated wi th  no d e t e c t a b l e  exposure allowed. 

A f u r t h e r  s tudy,  supported by t h e  NIOSH, was an  industrywide one covering 
nea r ly  2000 chloromethyl ether-exposed workers which confirmed the  c l e a r  
dose-response r e l a t i o n s h i p  of t h e  compound and cancer  amongst employees of 
some of the  manufacturers involved (Pas te rnak ,  e t  a l .  1977). 



INSTRUCTOR' S NOTES 

LUNG CANCER I N  CHEMICAL WORKERS 

This  case-study i l l u s t r a t e s  s e v e r a l  important  epidemiological  and p u b l i c  
h e a l t h  concepts  i n  the  context  of a  remarkable and t r a g i c  outbreak of 
occupat iona l  cancer .  These inc lude :  

1) The p o t e n t i a l  va lue  of examining c e l l  type i n  s tudying occupat iona l  
carcinogens.  

2)  An a p p l i c a t i o n  of t he  binomial d i s t r i b u t i o n  i n  quant i fy ing  t h e  
improbabi l i ty  of c l u s t e r s  of an  unusual c e l l  type ,  when t h e  usua l  
d i s t r i b u t i o n  i s  known. 

3) The importance of making the  r e s u l t s  of occupat iona l  epidemiological  
i n v e s t i g a t i o n s  a v a i l a b l e  t o  t h e  gene ra l  p u b l i c  and s c i e n t i f i c  community 
a s  soon a s  poss ib l e ,  s o  t h a t  c r i t i c a l  review and t imely i n t e r v e n t i o n  can 
be begun on an industrywide sca l e .  

4)  The importance of i n s t i t u t i n g  c o n t r o l  measures even while  s c i e n t i f i c  
u n c e r t a i n t y  remains. 

5 )  The importance of cons ide ra t ion  of s t a t i s t i c a l  power i n  planning whether 
a  propbsed s tudy  i s  l a r g e  enough t o  answer t h e  h u e s t i o n s - i t  i s  intended 
t o  address .  

Answer 1 

a )  Some examples a r e  a r s e n i c ,  a sbes tos ,  a c r y l o n i t r i l e ,  bis-chloromethyl 
e t h e r  (~k), chromium, coke oven emissions,  haemati te ,  n i c k e l ,  n i t rogen  
mustard and o the r  a l k y l a t i n g  agents ,  radon daughter  emissions (from decay 
of uranium), and v i n y l  c h l o r i d e  (For  a  more complete l ist  and 
documentat ion ,  s e e  Table VII)  . 

b) The p r a c t i c a l  op t ions  a v a i l a b l e  i n  1971 were somewhat d i f f e r e n t  than  
those  a v a i l a b l e  today. Despi te  t h e  passage of t h e  Occupational S a f e t y  
and Heal th  Act i n  1970, n e i t h e r  Occupational S a f e t y  and Heal th  
Adminis t ra t ion  nor  NIOSH e x i s t e d  i n  t h e i r  p resent  form. There was no 
acces s  t o  p l an t  records  t o  determine t h e  denominator (person yea r s  a t  
r i s k ) ,  nor would a  phys i c i an ' s  c l i n i c a l  t r a i n i n g  suggest  t h e  need f o r  a  
r e t r o s p e c t i v e  cohort  m o r t a l i t y  study. Another p r a c t i c a l  op t ion  was f o r  
t h e  company t o  embark on epidemiologic ,  i n d u s t r i a l  hygiene, and 
t o x i c o l o g i c a l  s t u d i e s  i n  c o l l a b o r a t i o n  w i t h  u n i v e r s i t y  based c o n s u l t a n t s ,  
which i s  what they d id .  





ANIMAL SRK)IES CLINICAL AND E P l m M U I C  SIVDIES 
Route of Target organs Route of I a t a r y  Relative Target organs Cammts 

Species abeorption and tissus abeorp- (yeare) r i sk  ard tissues 
ttm ---- 

Occupation: Research wrloers* t i m  since 1972. 

2-acetylantlur Rat p. 0. Liver m Early appreciation of card- 
f l w r e  h 3  p.0. BhMer, l iver S d n  genic potential averted c-r- 

Cuirae pia Negative c i a l  production. - -  - 
Oocupetion: Research wrkers* 
Iranimdiphenyl Haree p.0. BladQr, l iver S 3 5  Bladder F o w r l y  used ae a rubber anti- 

Bladder Skin midant d as a dye i n t e n d l a t e  
No lorger ccmmercially pmduced. 
Fif ty three  bladder a m r ~ ~ ~  in 
315 e x p o d  wrkers; 1 came 
occurred with anly U3 deye of 

Occupstion. Mpknyhmim wrkers; -rch w r k e r 9  exposure 
4at robiphmyl  Dog p.0. Bladder No d-ted cases in  hmms. 

Occupation. Research wrkers* aluays &cure concurrently. 
Benzldine a d  its Hacee S.C. L iver ,earduct lu \g  16 14 Bladder Medical persome1 using b e d d i n e  
salts intestine Skin to tes t  for occult blocd. 

D% Bladder Oral 
Oocupatim: BiochemLsts, dye wrkers;  mdical  laboratory wlkers,  orgmic chemical synthesizers, plastic wrkere; rubber wlkers;  
d ck rds t s  
-proprioLactae Rodents Skin patntitlg Skin papillona Lmg No skin cancer caaes docurented 

p.0. amisamam, Skin 
stanach l iver 

in  man. 

Oocqation: AcryZate plastic mekers; chrmists; dieinfectant wrkers; plastic makers; resin makers; viricidal  agent mekern 
* Early recognition of carcinogenic potential auerted extensiw ccrrmerclal pnductim. bst  current exposums are i n  limited 



ANDW. SRlDIES CLINICAL AEU) EPIIXNUXCIC SNDIES 
Rmte of Target o ~ w 8  Route of Latency Rrlative Target organs Cormr?nts 

Agent Species abmrptim andtissues abjorp- risk ad-tis- 
tial 

0 - 
Vinyl chloride Rat Inhalaticm Skin, lmg, m 12-29 Marked Angiosarcana Full potential risk of cancer and 

osteochadram ?Skin of the liver of hepatobilialy tract diseaee i n  
1.6(?) Lurp. man is w t  w t  established. 

Ckatpatim: Organic c b m i l  synthesizers; polyvinyl resin &re, rubber mrkers . ~ r z n  
Chlorm~thyl Skin, s .c  Carcimna. l.mg 10-15 8 Shrall cell  carcimmae. &mm 

exporwes gernrally imrolve both 
aMandEcM3. 

Occupatial: Organic c k d a l  synthizers  
Bis(chlonmethy1) b h a e  Skin, s.c Olfactory 1 G 1 5 1 0 0  Lmg -1 cell carcillome. 
ether (FOE) es tk iowwo-  

epitheliana, 
lurg ade-9 
papilla=, 
carcimma 

Rat S.C. Fibmsarcana 
syntresinizera.po1yarrr mekers 

E t h v l ~ r r e h k  Rat S.C. Sarcam. ludney I*nw No d o c m e d  lumn cases. 

Occupaticm: Ef fhn t  treatera, organic chemical syntl&izers, paper makers; polyethyler~imlne makers, textile wrkers 
N-nitroeodimethy- Rat p.o , inhala- Liver, ktdney l*n\g Carcinogenic in sew animal 

t i m  1~ 9 d n  spgies. No infonnstim m 
Ocapatim: Dlmethylhydrazire makers; nematocide makers, eolvent mrken, chronic effects in m. 



TABIP.VII1. . I N U m m - W I Z H B  
B. &ems for which epidemiology or animal s t d t r r  aggest carcimgmic potential 

ANIML SNDES (ZWICAL AND EPIDWM[;IC SRa)IES 
Route of Target organs Rane of Latercy Relative Target o r g m  Cmmmte 

A J F t  Species abeorptial ad tissues a b e o v  (years) risk ad tieruee 
tial 

IEenzene hime e . c , s k i n  Negatiw' h q  6-14 2.5 Aplastic ChmaoPal aberrat tm nay 
lJmucm&ul attempts to  prcduce Skin ammnb, fo l lw taPdc ~cposures. Etiolqlc  
l e u b i a  ~prerhmtal ly.  larlrOpenie role in  chmnic larkemles is 

ad thr- m m \ ~ r s i a l ,  a l t t agh  d 
cytopenia relatianship with aplaetic a m e  

Acute lmbe mia we11 eatabliehed, a d  with 
mia aalce hkemlae Ngfily W t .  

Eryt h r o b  
k a d a  

Occupatial: M b i w  makers; asbestos pmduct- tors; benzen~ hwachloride wrkera, hunisbrs ,  carbolic acid makere, chemiste; 
chlorinated benzene wlkers, detergent makers; dry-bettery mdera,  dye mskers; furniture finishers; glw makers, l i m b  odere; 
maleic acid mabera; n i t r o d n e  makers; petrochemical mrk~?rs, putty makers, rubber makers; styterre makers, hddera; artificial 
leather &m and s b  wrkers 
Soots. tare. oile Skin 9-23 2-5 Sdn, ecmtm Precise risk varies with neture 
(mixtures of aro- W 1.3 m3 of mtthlre and neture and route 
matic hydrocar- 2.3 Bladder of expo-. CreDsote, a caoplac 
including benzo(a) mixture of ptxmlic d axuoatic 
W-) ccmpatrds, msy act ae a t w  

pr-xer .  
Occupaticn: Ceble layera, coal, gas, coke and petrolem industry wrkera; coal tar and pitch whrs; electrical equipmU wrkrs; 
fabric pmofers; net fixers; optical lem grinders; mterpmfers; wharfmen; wod preservers 
lsopropyloil EsJose s.c..Inbla-hrg 10 20 Respiratory . - 

tial tract 
E t b i d  ainu, 

Occupation: Iaoprcqyl alcoh31 &rs 
Orgamchloride Aklrin is m e t a b l i d  to  dieldrin 
p*ticidm 

Aldrin Rat p.0. Nqatiw or 
Uae of aldrin ard dieldrin haw 
been d i e u m t l d  in the USA end 

MXUE i m u s i w  a h e r  countdee. Humn 
Aramite Rat P.O. Liver a td les  of aldrin. ararite, IDT 

D% p.0. Biliary tract arrl dieldrin am limited to  
DDT m p.0. Liver be conclusive. No epf.ddologioal 

Rat,guirea p.0. studies am available for hep 
P& techlor or drw. 

Dog,'-'W 
Dieldrin &use p.o Liver 

Rat p.0. Negative 
D%*m;nkey PV0. I n C o l r l W J i ~  

IkptacNor Rat p.0. Incarlusiw 
Mirex m p.0. Liver 

OECupatim: Agricultural mJorkers; insecticide mamfactmra 
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B. )gents for vNch epiddology or animal stldies suggest cardmgenic p o t a i d  

ANIMAL m m  CLUIIUL AND E P m W X I C  SIUDIFS 
b e  of T a w t  omam Route of Latency Relative Target orgwe Cuiuents 

u r n  
blychlorinated W p.0. Liver Skin lk lw tharsand persons estimated 
Mphslyls Rat p.0. Liver to have occupaticnal exposures. 

Wider emrframmtal exposures. 
Dehterious effects m mamdhn 
reproduction. Hmm t i tdies are 
too limited to pet cmclu3i0~~ 
as to  carcimgenic potential. 
Ir\gestim in mw has produced a 
syndrcm? consist* a€ chloracne, 
b r m  pigmentatial of skin ard 
mile,  transient v i d  di&uP 
bmes, a e l l i r \ g  of eyelids with 
eye discharge, ard gastmintesti- 
nal q q t c n m  with liver a h n m -  
lities d jaudice. 

Occupatial: Cehle cnsters, raogitor pmducers, dye makers; electrical equipnt 6 r s ;  terbicide &rs; h s t m e n t  casting 
pmcessora, lacquer &m, paper treatem; pLasUcier makers; resin makers; rubber mrkem; textile f l aw pmfers; transformer 
workers, uxd preeekvers 
Anilim U t i p l e  p.0. Negatiw LW3 No adequate data to  indicate 

Skin cardncgenicity of aniline in  
wiuder or m. Probably only 
a n i l i r ~  derivatives a d  not tb 
parent canpoud are bladder 
carcincgelm i n  lpw. 

Occt~pticn: Acetanlllde workers; branide workers, coal tar workers, disinfectant &CS; dye mrkere; ink workers; leathr  workere; 
li tbraphera, nltranllilm wrkera, pedure mekers, pbtographic c h d m l  makers; p h t l c  mckera; printers, nrket fwl &rs; 
nrbber workers, tetryl &re, varnish vbrkem 
Aurdm Rat p.0. U w r  LLl\p 19.3 4.6 Bladder 

Phrse P.O. U w r  Skin 
Occlpatial: Dye rmkera 

MW-a Rat S.C. Local- - 23 Bladder Rein's (1985) o r l g i d  descrip- 
tial of " idl ine tlnuIrs" imrol- 
ved mancdacture. Ochr 
c M d  intelmadiates v be 
implicated in tk etiolagy of 
lmgenta t-m. 

Occlpatial: Dye udem 
olloropme b m e  Skin Negatiw Used only in  t t e  msrufacture of 

Rat &C., iqee Negative Sdn artificial rubber. S t m w a l l y  
tlal e i d a r  to vinyl chloride. 

S t d e e  in rmn tm limited to  
permit ccwl\8iars cclwemirrg 
carcilqenlcity. 



TAlU VLII. . I N I I s r R x A L ~ A S S ( 3 C m  UImcANXR 
B. & a ~ s  for wNch epideniology or animal studies suggest carcilogenic potential 

ANWU. mIES CUNLCM. m EFTmaaaIC mm 
h t e  of Target organs Route of Latency Relatiw Target orgsw -6 

&"t Speciee absorption and tisams abeolp (years) risk arid t i sa~s  
Occupation: l X p m  mekern, Neoprap rrmkers; rubber mpkers 
TricNomethylene Rat p-0. U w r  m No h studies available. 

male p.0. Negative Skin 283 000 US wrkem e x p o d .  
Oeclpetial: kresthetic rmlrers; caffeine processors; cleaners; degreere, disinfectant h r s ,  dry cleamrs, dng makers; dye makers; 
electrmic equtpment de9Prs; fat processors; glass c h r s ;  w t m i c s ;  aretal cleaners; oi l  prcceseors; perfune &m, printem; 
resin wlarkers, rubber cepaaers; slme makers; eoep makers; eolwm wrkete, textile clearers; tobncu~ denicotinizers, varnish wrkem 
Carbontetra- Phuee p .o . . idnkL. iwr  Iuw Fbeitiw *response relatiat- - - 
chloride Rat t i m  ?&R ship i n  mlce. No &ideniolcglc 

HsPlsrer studies ad lab le .  Clinical 
reports of hqmtams follavlr\B 
acute intcudcaticn. 

Ckqatial: QlaPiats, degreaeere, fat processors; firemar, flwmcarlxx~ &re; grain fmigatom; ink uduxs ;  insecticide makere, 
lacquer mekern, PPetal cletmere; propellant makers; chloroform makers; rubber wlkers, mlvmt wrkers, uac h r s  
k ~ y l m i t r i l e  Rat p.0 . inhak W. Zymbel Ime S25 3 (a l l  Colon, lug - .  - 

tial gland ,- t,reast sites) 
Occupetial: Aclyllc fibre h r e ;  fuaigators; plastic product resin &rs; textile w r k m  
Ethyl- dichlu- Rat p.0. Stcmach, W No hman studies available. An 
ride (1.2- &S, skin, e s t h t e d  5 cldllion tanes ace 

breast produced arually in tk US. 
m~se p.0. Breast, uterue, Abaa 2 milllal wrkers are expo- 

1- sed, i r c l u l i ~  34 000 wlth full- 
time o c c q t i o d  exposure (105). 

Ocapatim: M e a i w  makers; agricultural wrkers; Bakelite processors, camph3r wrkers; chapical &CS; dry cleaners; exterminators; 
fuxntture f iniskrs;  gasoline blenders; grain fuulgators, ineecttcj.de makers, metal Qgreeeers; ore qgrders ,  pettolam rdilpry 
wrkers, plastk wrkers, mlwnt wrkers; textile cleaners 
b a r d  gas male i .v., inhala-Imgdemna l ~ n g  10-25 37 Respiratory Military expceures not awociated 

tial t ~ t  with subtantlal d s k  of reepic& 
Occlpaticn: Japreae mvhard gs wrkers tory cwcer. 
Wood dust S.C. Looal mm- Lq 43 a v e  500 Naaal cavity Hatdwd dusts. 

W a d  nasal 
(27-49) sinvles 

Occupetial: Cabiwt makers, carpenters; furniture &re; instnmmt makers; d mrkera, d wrkers 
-her dust h q  40-55 8 Nasal cavity Carcimgen unkum. 

ard r l a s a l  
siruses 

kxptial: Boot a d  stce d a c t u r e r s  and repairs 
Araenic h m e  p.0. k W i w  h g  S 3 5  2.3-8 Excess lung cancer has been 

 at p.0. ~&ti\le skin Sdn r e p o d  i n  -iati~n vith W 

Oral and producticn of imrganic tri- 
valent arsenic containirg pesti- 
cides as well as metal emeltirg 
-rations. 

Occupation: Alloy wrkers; aniline colour makers; arsenic wrkers, Babbit metal wrkers, brass makers, bronze makers; ceramic enamel 
makers, ceranic makers, capper emelters, dng a d  dye makers; -1ers; fi-rks makers, gold refiners; herbicide makers; hide 
preservers; insecticide makers; leed shot makers; lead anelters, leather mrkers, painters; paint makers, petrolem refilpry wrkem, 
pigmmt mekern; printers, printirg ink w h r s ;  rdenticide makers, eemicaoductor ccmpourl makers; s i l w r  refilprs; taxideradsts, 
textile printers; tree sprayers; type metal mrkers, wte r  wsl controllrs,  wed sprayers 



TABLEVIII. .TNXl~~ASSOCIA3EDUImCI\NCH( 
B. Agents for *h epidemiology or animal stldies suggest crrrcimgenic potential 

ANIPfAt SIUDIES CLINICAL AND EFTEW(MGIC SIUDIES 
Route of Target otgarm Route of Latency Relative Target organs Ccm~ents 

Species abeorption and tissues abeorp (years) risk and tissues 
tim 

olnndun end Rat olramte pel- Squmms and 21 ave- 6 2 0  Lwg Excess risk of 1- cancer me  
chrmseres le ts  rmplan- ederocarcimma Skin rage Nasal siruses dmmtrated in the chmmetepm 

ted in of the 1- Oral (1e30) ducirg industry, particularly 
bmnchi m tk 19% and 1940~. RI& 

in  aher  ocaqationsl e e t t i w  
uith 1-r intensity acposures 
may not be eubsrcmtfally in- 
creased. 

ocqmtion: Anodizere, copper etckrs ,  electmplaters; gas mrkers, lithographers; metal mrkre ,  o i l  prrifiem; p h o t o m g ~ ~ \ ~ r e ;  
ptotagraptncs; pmcgss -rave=; stainleas steel wrket-8; textile m b r s ;  welders 
Berylllrn kuae, i.v. Bone sarrcas h r  1.32.0 m The character of the mrk operk 

rabhit Unlit t i m  is prticularly important- 
Mrky,rat InhaLation lug of 10- b t@,  cudece grindirg, mechi- 

15 niq, or any mrk thet ctln pm- 
Years duce fuma or fimly divlded 

dusts rrmst be cansidered potar  
tially b d a m .  'lhree epidmdw 
logical studies haw slum margt- 
ml exeaea in  relati- risk. 
Furtller research ie needed to 
clarify the relationehlp with 
duration erd intensity of expo- 
sure, la tary,  and the c o r n r i b  
tion of prlmcnary beryliosis end 
tobecco amkiq history. 

Occupetion: ALlqr mrkem ard ueers (with al&q copper, ddd, and steel); electronic tube makers; flwresceb h p  makers (up 
mtil l W ) ,  mtlntle mrkem; metallurgists, m h r s  and extractors of ore (mainly beryl), nrlear reactor w~lkere; plastic and 
ceranic uorkere; rocket and aemepax research mrkers 
I r m  aide8 ( i n n  k t e r  Inhalation Negatiw Oral 1Ot 2-5 Ilespiratory Iogesticn of dusts. Recognized 
ore, hamatite) kuse Inhalation W t i w  W trect excese CiBk of 1 q  CllIICer cut- 

hires pig Inhalation Negative f W to udergraurd hsemrtite 
Mrrers. 

Occupntlm: Arc cutters; BeseePer operators; e b t r i c  an: udders; f b  cutters; frlctian ssw operators, metalkere, eean teldere; 
staidem eteel mekere; eteel fandry mrkers 
h a d  Rat P-0.. Kidrrey No evideme for carcirogenicity 

Parenteral in m. Cardmgenlc doees of 
lead in animels far exceeds 
levels tolerated by hrmns. 



TABIEVIII. . I H l l s m A L ~ ~ U l F D w I ~ C A N W  
B. Agents for uhich epidemiology or animsl stuiies w e s t  carcinogenic potential 

ANDw SUDIES -W AND ~ ~ 1 C  SNDIES 
Route of Target 0- M e  of Latency Relative Target o r g m  bmmts 

Spedes abeorpticn and tisca~e ebsolp (years) risk and tiscrues 
t i m  

-tion: Battery w r k r s ;  btase f d r y  mrkers; cerenic makers; gasoline additiw mrkers; g u m ;  imitation pearl makere. 
im&tici& &re, lubricant makers; match makers, painters; phbers ,  solderers; storage tank cleaners 
Nickel a d  Rat Ynmation Iung 27 aw- 4.9-10.5 Lrng A iunber of a n l d  inhalation 
ampaJIlds Rat 1 .m. Sec- "W stldies wiqg podered nickel 

(540) alone or with other inhalants 
23 a- a r h  as  nickel carbDnyl vapor 
=W haw been incarlueive. T k  risks 
(1o-40) of respiratory cancer h w  de- 

c d  significantly in wrkere 
f i r s t  eince 1925, after 
which important preuentiw mrrwr 
res to  reduce t o  duets 
and fimg =re f i rs t  iophmted. 

Occupation: Battery &m, cerapic makers; chemiste, dyers; ensmelers; f d r y  mrkere, gas platers; ink &rs; msgnet makers; 
Hcnd p m e s  wrkers; o i l   tors; orgwic c k d c a l  synthesizere, paint makers; petcolem refinery 'llolkers; spark plrg makers; 
textile dyers, mmtsh makers 
Seleniun and Rat P.O. Liwr 9dn No larm carcirPgaric effect in 

m man. Protective effect against 
Oral large baal cwcer hes teen 

P-. 
Occlpation: Arc light electrode makers, copper slllelters; electric rectifier malere; g h  makers, olganic chmhl  syntheeizere; 
pesticide nmkers; pbtcgraphtc c h n i a d  &rs, pigmtmt mkers; plastic workers, pyrite roasters; rubber mekern; a d c d u c t o r  
h r s ,  d f u r t c  acid &re, textile mrkers 
M z i q  redietion W t i p l e  I r r d i a t i m  Skin, breast 2-25 3.7-9.5 IsJkania Ebstle&daaareacute,ea~~e 

thyroid, bone, l525 1.1-3 Epithelial chrmic ayeloid. 
W3 tumlrs of 

aher  s i tes  
Oonpetim: Aircraft mrkers; atonic energy plant mrkere; biologists; cathode ray tube makers; cer& w r k r s ;  chenists; dental 
assistante, dentiete, dermatologists, d w  meltere; d r q  sterilizers, e l e c t m  micmscope makers; electmn microsaopists; 
electmstatic eliminator operators; embelmers; f i re  alarm makers; food presemrs, food sterilizers; gm tmntle rpakers; high voltage 
television repairmen, htgh voltage vacum tube makers; high wltage wcum tube users; irdustrialflwr~ecope operators, idus t r ia l  
redicgmpkre; inspectors wiqg, a d  mrkere i n  prcpdmity to, d e d  gamm ray sources(cesiu~137, mbalt-60, and iridiun-92); 
Klystm tube operators; lipuid Level gage operators, l u u i w  dial painters,mechlnists; fabricated metal prallrt mrkem; military 
pe-; Rlreee, oi l  a 1  Laggere, ore assayere; pa th log is t s ;pe t roh  refinery wrkers; phyeicim; physicists; pipeline oil flar 
teetern; pipelitm weld radiographem; plaanr torch operatore; plastic tectniciarm; proepectora, radar tube mekere; radiologiste, 
radium Leboratory ~ r k r s ,  redlrm refinery ~ ~ r s ,  reeuslrh wrlrers; television tube makers; thickmae g a w  operators, 
t h o r i ~ ~ ~ a h i n i u n  8.Lby m b r s ;  tbrlummgmsium alloy wrkers; thr lun ore prodwere, t i l e  glazers; uranilm dye wxkra;  uranirm 
m i l l  wrkere, urenim mlnere; Werimriens, X-ray eidee; X-ray diffractkm apparatus operators; X-ray tube rrmlrers 





Answer 2 
The information provided by t h i s  case  s e r i e s  s e rves  two epidemiological  

purposes. F i r s t  i t  confirms t h e  c a s e s  ( a  necessary f i r s t  s t e p  i n  excluding 
t h e  p o s s i b i l i t y  of a pseudoepidemic, o r  c l u s t e r  of d i v e r s e  d i s e a s e s  which a r e  
not  a s i n g l e  e n t i t y ) .  Second, i t  i d e n t i f i e s  an  unusual preponderance of o a t  
c e l l  cancers ,  and of cancers  i n  r e l a t i v e l y  young workers (Table V) .  While oa t  
c e l l  cancer  i s  not  a s  uncommon a s  o t h e r  s e n t i n e l  tumours such a s  angiosarcoma 
o r  mesiothelioma, t he  f ind ing  of t h i s  propor t ion  of oa t  c e l l  cancers  i n  a 
'usua l '  s e r i e s  of lung cancers  i s  h igh ly  un l ike ly .  

Answer 3 
Students  may we l l  observe t h a t  oa t  c e l l  cancers  comprise approximately 20% 

of a l l  bronchogenic cancers ,  not t h e  9% s t a t e d  he re  ( ~ e i s s ,  1981). This i s  
because the  propor t ion  of lung cancers  due t o  small  c e l l  carcinoma has been 
inc reas ing  due t o  tobacco smoking, and has been found t o  be h igher  t han  t h e  
d a t a  suggested i n  1971. They may a l s o  observe t h a t  t he  h i s t o l o g i c a l  
c l a s s i f i c a t i o n  of c e l l  type  may not  be comparable between t h e  s e r i e s  under 
s tudy,  and t h a t  used i n  t h e  comparison s e r i e s .  

Comparabili ty of t h e  c l a s s i f i c a t i o n  schemes i s  c l e a r l y  a p r e r e q u i s i t e  i n  
i n t e r p r e t i n g  whether t h e  c e l l  type  observed i n  t h i s  s e r i e s  i s  a c t u a l l y  
d i f f e r e n t  from t h a t  expected. These important ques t ions  about v a l i d i t y  should 
t ake  precedence over any d i scuss ion  of how one computes t h e  s t a t i s t i c a l  
s i g n i f i c a n c e  of an observed d i f f e r e n c e .  

Assuming t h a t  t hese  ques t ions  have been resolved,  however, one can 
e s t ima te  t h e  p r o b a b i l i t y  ( o r  improbab i l i t y )  t h a t  chance a lone  could account 
f o r  t h i s  s e r i e s  using t h e  formula f o r  t h e  binomial d i s t r i b u t i o n .  The binomial 
d i s t r i b u t i o n  permi ts  t h e  p r e d i c t i o n  of t h e  p r o b a b i l i t y  of a g iven  number of 
p o s i t i v e  outcomes i n  a s e r i e s  ( o r  s p e c i f i e d  number) of t r i a l s ,  when t h e  
outcome of each t r i a l  i s  dichotomous (+,-), and when t h e  p r o b a b i l i t y  of a 
p o s i t i v e  r e s u l t  on each t r i a l  i s  known. For example, f i r s t  l e t  u s  compute t h e  
p r o b a b i l i t y ,  by chance, of observing exac t ly  12 cases  of o a t  c e l l  cancer  among 
14 lung cancers .  

( a )  The 14 c a s e s  of lung cancer  can be seen a s  a s e t  of N independent 
" t r i a l s " .  (N=14) 
(b)  Each t r i a l  ( ca se  of lung cancer)  has  t he  same p r o b a b i l i t y  "p" of 
y i e l d i n g  an  oa t  c e l l  (From Table V I ,  p = 0.09, o r  0.1 f o r  s i m p l i c i t y ) .  
( c )  Each t r i a l  a l s o  has t h e  same p r o b a b i l i t y  "q", o r  l-p of not  y i e l d i n g  
an  o a t  c e l l  cancer  ( q  = 1-0.1 = 0.9) 
( d )  The t o t a l  number of oa t  c e l l  cancers  t h a t  would occur i n  a s e t  of N 
t r i a l s ,  i f  such a s e t  of t r i a l s  were repeated i n f i n i t e l y ,  i s  a v a r i a b l e  
c a l l e d  "X", and X i s  d i s t r i b u t e d  binomially.  Symbolically 

( e )  The l e t t e r s  "p" and "NW i n d i c a t e  t h a t  t he  shape of any p a r t i c u l a r  
binomial d i s t r i b u t i o n  w i l l  depend upon t h e  two parameters  p (he re  p-0.1) 
and N (he re  N=14). B i n d i c a t e s  t h a t  X i s  d i s t r i b u t e d  binomial ly a s  a 
func t ion  of p and N.  
( f )  Since i n  t h i s  s e r i e s  of 14 lung cancer  c a s e s  t h e r e  were observed 12 
oa t  c e l l  cancers ,  he re  X=12. 



(g)  To c a l c u l a t e  the  p r o b a b i l i t y  of observing exact ly  12 oat  c e l l  cancers 
i n  a s e t  of 14 t r i a l s ,  repeated i n f i n i t e l y ,  the  following formula should 
be used: 

N ! X N-X 
Prob. (X=12)= X: (N-X!) P Where N=14 

1 4 : = ( 1 4 ) ~ ( i 3 ) ~ ( 1 2 ) .  . ( l )  
Prob (X=12) = 7.37 ~ 1 0 ' ~ ~  

While t h i s  extremely small number t e l l s  us  the  p robab i l i ty  of observing 
exact ly  12 oat  c e l l  cancers,  i t  must be added i n  the  p robab i l i ty  of events  
which a r e  even more extreme than t h a t  observed. I n  t h i s  case ,  the  p robab i l i ty  
of observing 13, and 14 cases  of oa t -ce l l  cancer i n  the  s e r i e s  of 14 lung 
cancers must be computed. These a r e  then added t o  the  p robab i l i ty  of 
observing exac t ly  12 cases. Thus: 

P robab i l i ty  of exact ly  13 cases  equals-- 
N : X N-X 

Prob. (X=13)= X! (N-X!) P 4 

Prob (X=13) = 1.26 x10'12 

Probab i l i ty  of exact ly  14 cases  equals-- 
N : X N-X 

Prob. (X=14)= X! (N-x!) p q 

14 ! 
l3 414-13) " 1 3  ( l -  (0 -1 )  (0 -  ) 

Where N-14 
X=13 

Where N=14 

Prob (X=14)= 1 x10-14 

Thus, the  p robab i l i ty  of observing 12 o r  more oat c e l l  cancers i n  t h i s  s e r i e s  
of 14 lung cancers,  by chance alone equals  7.497 x 10-ll. 

Use of the  binomial has simply allowed us t o  quant i fy  what was i n t u i t i v e l y  
obvious, even without s t a t i s t i c a l  t e s t i n g .  This technique would be more 
useful  i f  i t  were applied when the  s e r i e s  of cases f i r s t  began t o  accumulate, 
allowing e a r l y  recogni t ion  of a problem. 

Answer 4a 
Without belabouring the  a r i thmet ic ,  a s i m i l a r  approach could have been 

used t o  quant i fy  a t  what point  t h e  accumulating s e r i e s  became improbable. 
Thus-- 



Answer 4b 

When t h e  f i r s t  case  of lung cancer  appeared, t h e  p r o b a b i l i t y  of observing 
one o a t  c e l l  was 

N I X (N-X) 
Prob. (X=l)= X: (N-X!) P q Where N = l  

X= l 
p=o. 1 
q=O .9 

(However, t h e  f i r s t  case  of lung cancer  d i d  not happen t o  be an  oa t  c e l l  
carcinoma.) 

When t h e  second case  of lung cancer  appeared, t h e  p r o b a b i l i t y  of observing 
e x a c t l y  one o a t  c e l l  cancer  was 0.18, t h e  p r o b a b i l i t y  of observing two o a t  
c e l l s  was 0.01, and the  p r o b a b i l i t y  of observing a t  l e a s t  one was 0.19. 

When t h e  t h i r d  ca se  of lung cancer  appeared, t h e  p r o b a b i l i t y  of observing 
e x a c t l y  two oa t  c e l l  cancer  was 0.0135, t he  p r o b a b i l i t y  of observing t h r e e  
o a t  c e l l s  was 0.001, and t h e  p r o b a b i l i t y  of observing a t  l e a s t  two was 
0.0145. 

While t ed ious ,  t h i s  e x e r c i s e  shows us  t h a t ,  based upon what was known 
about t h e  d i s t r i b u t i o n  of c e l l  type i n  1971, t h i s  s e r i e s  of lung cancers  
became improbable i n  1962. Even i f  oa t  c e l l  cancer  had comprised 20% of a l l  
lung cancers  a t  t h a t  t ime,  t h e  s e r i e s  would s t i l l  have become improbable a f t e r  
t h e  f o u r t h  case .  Ea r ly  r ecogn i t i on  of a problem would have been a f i r s t  s t e p  
towards p u b l i c  h e a l t h  i n t e r v e n t i o n .  

Answer 5 

The t o x i c o l o g i c a l  s t u d i e s  i n d i c a t e  t h a t  BCME has  induced cancer  i n  two 
s p e c i e s  of animals  by two r o u t e s  of exposure. I n  add i t i on ,  t h e r e  was a n  
apparent  c l u s t e r  of lung cancer  among workers a t  t he  p l a n t ,  even i f  t h e  
unusual d i s t r i b u t i o n  of c e l l  type had y e t  not been not iced .  Although i n  1971, 
t h e  ches t  phys ic ian  was j u s t  beginning h i s  s tudy,  and t h e  company had not y e t  
publ ished an i n t e r n a l  p rospec t ive  epidemiological  s tudy  of lung cancer  
inc tdence  from 1964 t o  1967 a t  t h e  p l a n t ,  t he  evidence s t i l l  sugges ts  t h a t  
BCME should be t r e a t e d  a s  a presumed human carcinogen (Figueroa,  e t  a l .  
1973). Sound pub l i c  h e a l t h  p r a c t i c e  would r e q u i r e  t h a t  the  s c i e n t i f i c  and 
r egu la to ry  community be n o t i f i e d  and t h a t  a v a r i e t y  of c o n t r o l  measures should 
be introduced a t  once. These inc lude  s u b s t i t u t i o n  of a less t o x i c  chemical 
( i f  one e x i s t s ) ,  complete engineer ing  enc losure  of t h e  process ,  and r educ t ion  
of exposures through v e n t i l a t i o n .  Other chemical companies which produce o r  
u se  chloromethyl methyl e t h e r  and have p o t e n t i a l  exposure t o  BCME should be 
n o t i f i e d .  A l l  of t hese  measures should be undertaken even while  t he  remaining 
s c i e n t i f i c  u n c e r t a i n t i e s  a r e  being e luc ida t ed .  Otherwise, t h e  de lay  needed t o  
i nc rease  s c i e n t i f i c  c e r t a i n t y  w i l l  lead t o  t he  unnecessary exposure of more 
workers. 



Answer 6 
Two s e p a r a t e  i s s u e s  a r e  involved i n  answering t h i s  quest ion.  F i r s t ,  has  

s u f f i c i e n t  t ime elapsed s i n c e  t h e  i n i t i a l  exposure of t h e s e  workers, so  t h a t  
t h e  outcome ( h e r e  cancer)  i s  l i k e l y  t o  appear? Second, given the frequency of 
d i s e a s e  occurrence,  has t h e r e  been a s u f f i c i e n t  number of person-years a t  
r i s k ,  so  t h a t  t h e  s tudy w i l l  have adequate  s t a t i s t i c a l  power? 

The f i r s t  ques t ion  depends on t h e  length  of t h e  induc t ion  l a t ency  per iod  
f o r  t h i s  p a r t i c u l a r  cancer .  While t h i s  could b e s t  be est imated from the  d a t a  
from t h e  CMME p l a n t  (which cannot a c t u a l l y  be determined from t h e  paper of 
Figueroa,  e t  a l .  1973),  one could assume t h a t  a t  l e a s t  15 yea r s  a r e  u sua l ly  
necessary f o r  lung cancer  t o  become evident .  Thus t h e  observa t ion  period from 
1955-1972 w i l l  be s h o r t e r  than  t h i s  f o r  most of t he  cohort .  

Answer 7 
The f o u r  v a r i a b l e s  which one must spec i fy  i n  o rde r  t o  c a l c u l a t e  power a r e :  

( a )  Alpha e r r o r  t h e  p r o b a b i l i t y ,  by chance, of observing a s t a t i s t i c a l l y  
s i g n i f i c a n t  e f f e c t  when i n  f a c t  none e x i s t s ;  

( b )  The magnitude of t h e  t r u e  underlying e f f e c t  t h a t  one wishes t o  be a b l e  
t o  d e t e c t ;  

( c )  The inc idence  r a t e  ( o r  inc idence  d e n s i t y )  among the  unexposed comparison 
popula t ion ;  and 

( d )  The number of person yea r s  a t  r i s k  among the  exposed. 

I n  p r a c t i c e ,  f a c t o r  ( a )  i s  usua l ly  s e t  by convention a t  0.05. Also, 
f a c t o r s  ( c )  and ( d )  a r e  u sua l ly  combined i n t o  a s i n g l e  v a r i a b l e  which i s  t h e  
number of 'expected cases ' .  Es t imat ing  t h e  number of expected c a s e s  i s  not 
a simple ma t t e r ,  s i n c e  i t  i s  a func t ion  of both t h e  age-specif ic  inc idence  
r a t e s  f o r  t h e  d i s e a s e  under s tudy ,  and of t h e  age d i s t r i b u t i o n  of t h e  
person-years a t  r i s k .  

Answer 8a 
It i s  c l e a r  from the  f i g u r e  t h a t  s t a t i s t i c a l  power i n c r e a s e s  both as t h e  

number of expected cases  i n c r e a s e s ,  and a s  t h e  hypothesized underlying r a t e  
r a t i o  i nc reases .  Conversely, s t a t i s t i c a l  power dec reases  w i th  a sma l l e r  
number of expected c a s e s  ( e i t h e r  because t h e  d i s e a s e  i s  r a r e ,  o r  because t h e  
number of person-years a t  r i s k  i s  smal l )  and a s  t h e  assumed underlying r a t e  
r a t i o  decreases .  

Answer 8b 
Given t h a t  0.49 cases  a r e  expected, the  s t a t i s t i c a l  power of t he  s tudy  

would be approximately 15% (14%) f o r  an  underlying r a t e  r a t i o  of 2.0, 
approximately 50% (53%) f o r  a r a t e  r a t i o  of 5.0, and approximately 90% (92%) 
f o r  a r a t e  r a t i o  of 10.0. (Note- s t a t i s t i c a l  power can be determined 
exac t ly  e i t h e r  by using a number of computer programs, by consu l t i ng  a 
s t a t i s t i c i a n ,  o r  by us ing  t h e  formula g iven  by Beaumont & Breslow, 1981, and 
t h e i r  t a b l e s  of the  Z d i s t r i b u t i o n .  Th i s  exe rc i se  w i l l  not a t tempt  t o  t each  
t h e  mechanics of computation.) 



Answer 9 

There a r e  s e v e r a l  op t ions  which should be considered. I f  another  l a r g e  
p l a n t  could be i d e n t i f i e d  which has  equ iva l en t  l e v e l s  of BCME exposure, t hen  
t h e  s tudy might b e t t e r  be done the re .  A l t e r n a t i v e l y ,  i f  s e v e r a l  smal l  p l a n t s  
can be found, t h e s e  might be combined t o  o b t a i n  a  l a r g e r  s tudy  populat ion.  
The two o t h e r  p o s s i b i l i t i e s  a r e  t o  cance l  t h e  s tudy ,  o r  t o  conduct i t  d e s p i t e  
t h e  low s t a t i s t i c a l  power, assuming t h a t  t h e  l a r g e  apparent  excess  observed i n  
t h e  previous  p l a n t  ( a l s o  involv ing  a  small  workforce) sugges ts  a  l a r g e  
underlying e f f e c t .  The drawback wi th  t h e  l a s t  approach would be t h a t  a  
nega t ive  s tudy  would be q u i t e  unconvincing. 

SPECIAL DIRECTIONS TO INSTRUCTORS 

This  case  i s  one of t h e  more d i f f i c u l t  of t he  s e r i e s .  I n  p a r t i c u l a r ,  
ques t ions  3, 4, and 7 a r e  bes t  understood by audiences who have conpleted a t  
l e a s t  an in t roduc to ry  course i n  b i o s t a t i s t i c s .  Because the  important  p a r t  of 
t h e  case  involves  t h e  p r i n c i p l e s ,  r a t h e r  than  t h e  a r i t h m e t i c ,  however, i t  i s  
s t i l l  s u i t a b l e  f o r  c l a s s e s  wi th  l e s s  s t a t i s t i c a l  t r a i n i n g  i f  t he  d i scuss ion  i s  
d i r e c t e d  towards these  underlying concepts .  We suggest  t h a t  i n s t r u c t o r s  
should not expect p a r t i c i p a n t s  t o  work through any of t hese  c a l c u l a t i o n s  
dur ing  t h e  d iscuss ion .  Rather ,  they  they  should cons ider  d i s t r i b u t i n g  t h e  
i n s t r u c t o r s  no te s  f o r  t h e  s t u d e n t s  t o  take  home and t o  review l a t e r .  
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URINARY SYMPTOMS IN POLYURETHANE FOAM WORKERS* 

PART 1 

On 28 March 1978, a local board of health in a small town received a 
telephone call from an emergency-room physician in a nearby community 
hospital. The physician reported that 11 workers from the same polyurethane 
foam factory had come as a group to the emergency room at 9 A.M. that Monday 
morning. All of the workers had complained that they had trouble urinating, 
although each of them had produced a normal urine specimen. 

Question 1 

If you were on the staff of the local health department, what would you do 
to pursue this report? 

PART 2 

The eight men and three women, who had sought medical attention, had 
suffered for several months from difficulty in starting their urine stream, 
which was weak and difficult to maintain. The plant manager confirmed that 
many more employees had similar problems and that two employees had had 
surgery for inability to urinate. He wanted to cooperate in every way since 
his earlier efforts to have the bathrooms cleaned and inspected had not solved 
the problem being experienced by employees. 

The factory manufactured polyurethane foam seats for automobiles. The 
plant had two parallel production lines, as well as finishing, supply, 
storage, laboratory, and clerical areas. At the head of each production line, 
the ingredients of the foam were compounded: toluene diisocyanate, polyols, 
fire retardants, and a catalyst. This mixture was poured into open waxed 
molds, and a cover was placed on top of the mold as the foam expanded. The 
closed mold was then passed through an oven, after which the cured foam 
cushion was removed and conveyed to the adjacent finishing room. There, the 
foam was trimmed, inspected, and bagged in polyethylene for shipping. The 
mold and its cover were stripped of excess foam, sprayed with wax, and fitted 
with nets and wires for the structural support of the next cushion. 

The major building block of polyurethane is toluene diisocyanate (TDI), 
which causes occupational asthma in a small percentage of workers who become 
sensitized, and which may cause excessive decrements in lung function in 
non-sensitized workers, comparable in magnitude to the yearly decrement caused 
by cigarette smoking (Diem, et al. 1982). Neither TDI nor other chemicals 
used in the plant were known to cause urinary symptoms. However, since a 
large number of employees seemed to have similar urinary complaints, further 
investigation was warranted, 

* By Kathleen Kreiss, 1982; revised 1985. 



Question 2 

How would you investigate this apparent outbreak? 

PART 3 

The only new chemical which had been introduced in the preceding year was 
a catalyst, dimethylaminopropenenitrile ( D W N ) .  The catalyst was introduced 
on one production line in August 1977 and was used irregularly until December 
of that year. From December 1977,  both assembly lines had used the catalyst. 
Since D W N  was a leading suspect for a chemical culprit, the management 
removed it from production on 29 March 1978.  

An epidemiological survey was started a week later. All available 
employees completed a questionnaire and gave a urine sample for urinalysis and 
a blood sample. A case of bladder dysfunction was defined as an employee who 
had experienced any two of the following four symptoms: hesitancy, straining 
to void, decreased force of the stream, or increased duration of urination. 

Question 3 

a) Why was a case definition made? 

b) Who were the controls? 

PART 4 

104 of the 208 employees met the case definition. The attack rate anlong 
the 166 persons exposed to D W N  in the production or finishing areas was 
63%. No cases occurred among the remaining 42 employees. There were 20 cases 
(55.6%) among 36 exposed women and 84 cases (65.5%) anlong 130 exposed men. 
Attack rates did not increase with age. 

Persons classed as cases had a variety of sytnptoms listed in Table VIII. 
Patients complained of having to press on the lower abdomen to initiate 
urination. Several persons volunteered that they lost the urge to urinate and 
voided once a day or by habit. Others described increased frequency of 
urination, particularly as their conditions improved. Some lost urethral 
sensation or, as their conditions improved, had urethral burning. The 
majority had vague abdominal discomfort that they did not associate with 
bladder distension. Sexual difficulties occurred in 23 persons classed as 
cases and six non-cases. Thirteen cases had upper extremity numbness. 



Question 4 

a )  What might be t h e  mechanism of t h i s  s e t  of complaints?  How would you 
confirm your hypothesis?  

b) What i s  t h e  des ign  of t h i s  s tudy ,  case-cont ro l ,  cohor t ,  o r  o t h e r ?  

Table V I I I .  Frequency of u r i n a r y  complaints ;  
foam p l a n t  i n  Massachuset ts ,  1978.* 

Symptoms Cases Noncases 

Increased  d u r a t i o n  102/104 11104 

He s i  tance 981104 01104 

Need t o  s t r a i n  981104 01104 

Decreased s t ream 941104 41104 

Subjec t ive  r e t e n t i o n  701102 41104 

Dysuria 701104 131104 

Abdominal discomfort  

IJrgency 

Decreased frequency 471104 231104 

Increased  frequency** 441104 23 I104 

Ure th ra l  d i scharge  191104 2/80 

Noctur ia  151104 101104 

Gross haematuria 121104 41104 

* Source - Kre i s s ,  K. e t  a l .  1980, Table V I I I .  p 742. 

** Inc ludes  e i g h t  c a s e s  r epo r t i ng  decreased frequency a s  wel l  dur ing  a 
po r t i on  of t h e i r  i l l n e s s .  

The epidemic curve i s  shown i n  Figure 3. Three c a s e s  of bladder  
dysfunc t ion  occurred among t h e  second-line work.ers i n  t h e  t h r e e  months before  
us ing  DMAPN i n  t h a t  product ion l i n e .  

Ques t ion  5 

What do t h e s e  t h r e e  c a s e s  suggest  about  t he  rou t e  of exposure? 



ONSET 

Fig. 3. Cases of bladder dysfunction in plant workers, by month of 
of onset and amount of D W N  catalyst used, July 1977 to 
April 1978. (Source - Kreiss, K., et al. 1980. Fig. 1. p. 743). 



Question 6 

Does t h e  epidemic curve support  t h e  susp i c ion  t h a t  DMAPN caused t h e  
outbreak of b ladder  dysfunc t ion?  What o t h e r  in format ion  would be h e l p f u l ?  

Figure 4 p r e s e n t s  cumulat ive inc idence  r a t e s  f o r  d i v e r s e  job c a t e g o r i e s .  
F igure  5 p r e s e n t s  d a t a  by s h i f t .  Product ion was h igher  on t h e  second and 
t h i r d  s h i f t s ,  because no product ion innovat ions  were done dur ing  those  s h i f t s  
(Table I X ) .  In  a d d i t i o n ,  t he  second and t h i r d  s h i f t s  were exposed t o  more 
s c r ap  and waste foam on t h e  f l o o r  because a  clean-up was de fe r r ed  t o  t h e  t h i r d  
s h i f t .  

Question 7 

How might you exp la in  t h e  case  r a t e s  by s h i f t ?  

Question 8 

Having concluded the  epidemiological  survey,  what would you do nex t?  
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Fig. 4, Cumulative percentage of plant workers having bladder dysfunction, by month and work 
category, July 1977 to April 1978. (Source - Kreiss, K., et al. 1980. Fig. 2 ,  p. 743). 



F i g .  5 .  Cumulative percentage of plant  workers a t  r i s k  having 
bladder dysfunct ion,  by month and s h i f t ,  July  1977 t o  
April  1978. 
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Line 1 

Table I X .  Catalyst-containing foam produced and 
scrapped by l i n e  and s h i f t .  

S h i f t  1 S h i f t  2 S h i f t  3 T o t a l  

Produced 13-29 March 1978 ( i n  kg) 

23 381 23 986 26 190 73 537 

Line 2 1 3  659 14 073 1 6  123 43 855 

To ta l  37 020 38 059 42 313 117 392 

Scrapped i n  February and March 1978 

Line 1 8 372 6 262 7 529 22 164 

Line 2 3 277 1 957 2 816 8 050 

To ta l  

PART 5 

An outbreak of bladder  symptoms occurred i n  a polyurethane foam p lan t  i n  
Maryland i n  t h e  same t ime per iod  and was i n v e s t i g a t e d  with s i m i l a r  r e s u l t s  
(Keogh, e t  a l .  1980). I n  t o t a l ,  a t  l e a s t  f i v e  foam p l a n t s  were found t o  have 
had epidemics of bladder neuropathy before  t h e  use  of DMAPN c a t a l y s t  was 
d iscont inued .  The s o l e  producer,  Union Carbide, had never observed t h i s  
occupat ional  i l l n e s s  among i t s  employees. I n  a d d i t i o n ,  DMAPN had been used a s  
a c a t a l y s t  f o r  more than  20 yea r s  without an  apparent  problem, i n  acrylamide 
grout ing  used i n  mining and tunne l  cons t ruc t ion .  

Question 9 

a )  How might you exp la in  the  de lay  i n  recognizing DMAPN a s  a neurotoxin? 

Union Carbide had a m a t e r i a l  d a t a  s a f e t y  shee t  on t h e i r  product 
reproduced below. NIAX Cata lys t  ESN i s  the  t r a d e  name f o r  t h e  c a t a l y s t  
which cons i s t ed  of 95% DMAPN and 5% of b i s  (2-dimethylaminoethyl) e t h e r .  

b) What a r e  t h e  l i m i t s  of t e s t i n g  LD 5 0 t s ?  How would neu ro tox ic i ty  be 
recognized i f  t ox i co log ic  t e s t i n g  included only t h i s  b a t t e r y  of t e s t s ?  Do 
you know of o the r  workplace epidemics of neu ro log ica l  d i sease?  



SAFETY DATA SHEET: Niax catalyst ESN 

This is a summary of single exposure studies on animals. The data 
indicate the relative degree of hazard in handling the product. Increasing 
degrees of hazard are expressed by these terms: slight, moderate, definite, 
serious. it must be remembered that results of experiments on animals cannot 
be numerically translated to probable human response. 

The US National Research Council defines toxicity as the capacity of a 
substance to produce injury. Hazard is the probability that injury will 
result from the handling or use of the substance in the quantity, frequency 
and manner proposed. 

Toxicity is only one factor important in determining the degree of hazard 
in handling a chemical or in a proposed use. Physical properties of the 
chemical together with extent and frequency of exposure are equally important. 

The term LD50 has been adopted as a uniform expression of single dose 
toxicity for comparing one chemical with another. It refers to that quantity 
of chemical which kills 50% of exposed animals. For further uniformity, 
quantities are expressed in grams or mililitres of chemical per kilogram of 
animal body weight. 

Single skin penetration refers to a covered 24-hour skin contact with the 
liquid chemical. 

Single inhalation refers to continuously breathing a certain concentration 
of chemical vapours for a specified period of time. 

Primary irritation refers to the skin response following uncovered skin 
contact. A covered contact can be expected to have a more severe effect. 

Eye injury refers to surface damage produced by contact of the eye with 
the chemical. 

Legal responsibility is assumed only for the fact that all studies 
reported here, and all opinions, are those of qualified experts. 

Sin~le oral dose to rats: Moderate hazard 

LD50 - 2.46 m1 per kilogram body weight. 
For comparison a 10% solution of acetic acid has 

an LD50 of 3.53 gm/kg. 

Sinple skin penetration in rabbits: Definite hazard 

LD50 - 0.445 millilitres per kilogram body weight. 
This result suggests that skin penetration in harmful amounts 
may occur after moderate contact in terms of skin area 
involved and duration of contact. Skin contact is to be avoided. 



Single inhalation by rats: Moderate hazard 

Rats were not killed by an 8 hour exposure to substantially 
saturated vapours in room air. However, these concentrated vapours 
caused irritation of eyes, lower legs and feet. 

Skin irritation: Slight hazard 

The undiluted chemical caused no reaction on the tender skin 
of the rabbit belly greater than a faint redness of short duration. 

DOT - 4 hour covered patch test - not a corrosive. 

Eye injury: Serious hazard. 

A 15 % solution was the least concentration causing significant 
injury in the rabbits' eye. 

This chemical is a serious eye injurant. Eye protection should be worn 
when handling. A physician should see all cases of eye contact as soon as 
possible after a 15-minute emergency eye washing is completed. 

Repeated human patch tests made on 50 human volunteers using a polyether 
foam catalyzed with Niax Catalyst ESN was not an irritant or sensitizer. 



INSTRUCTOR'S NOTES 
URINARY SYMPTOMS I N  POLYURETHANE FOAM WORKERS 

Summary 

This  c a s e  i l l u s t r a t e s  how t o  recognize and i n v e s t i g a t e  (u s ing  
c ros s - sec t iona l  t echniques)  an  ou tbreak  of autonomic neuropathy. It provides  
a  u s e f u l  example t o  d i s c u s s  two cons ide ra t i ons  i n  d a t a  a n a l y s i s :  
l) How b e s t  t o  ana lyse  prevalence d a t a ,  and 2 )  What a r e  t h e  i m p l i c a t i o n s  of 
reducing a  l a r g e  number of r e l a t e d  symptoms o r  s i g n s  i n t o  a  s i n g l e  dichotomy 
of ca se  ve r sus  non-case. L ike  t h e  s tudy  on t h e  neu ro log ica l  symptoms produced 
by methyl b u t y l  ketone (p.  c l ) ,  i t  demonstrates  t h a t  t h e  t r a d i t i o n a l  methods 
of outbreak i n v e s t i g a t i o n  can s u c c e s s f u l l y  i d e n t i f y  t h e  c a u s a l  agent  when t h e  
d i s e a s e  under s tudy  i s  r a r e ,  and when l a t e n c y  i s  sho r t .  

PART 1 
Answer 1 

The informat ion  g iven  i s  not  s u f f i c i e n t  t o  make a  medical  d i agnos i s  o r  t o  
r e l a t e  t h e  workers '  complaints  t o  a  workplace exposure. To v e r i f y  t h e  
complaints ,  t h e  a v a i l a b l e  medical and demographic in format ion  must be 
c o l l e c t e d .  Th i s  i s  most e a s i l y  accomplished by reviewing t h e  medical  r eco rds  
of t h e  workers who were seen i n  t h e  emergency room. These records  c o n t a i n  
age ,  sex ,  complaints ,  r e s u l t s  of phys i ca l  examination and l abo ra to ry  
e v a l u a t i o n  of u r i n e  and o t h e r  b i o l o g i c a l  specimens, and i d e n t i t y  of p a t i e n t s ,  
should f u r t h e r  in format ion  be r equ i r ed .  I n  a d d i t i o n ,  some informat ion  might 
be a v a i l a b l e  about whether t h e  complaints  stemmed from an  a c u t e  p roces s ,  w i th  
11 employees being a f f e c t e d  s imul taneous ly  and coming a s  a  group from work; o r  
a l t e r n a t i v e l y ,  from a  chronic  cond i t i on ,  i n  which c a s e  t h e  i m p l i c a t i o n s  of 11 
persons meeting a s  a  group a t  t h e  emergency room a f t e r  a  weekend's r e s p i t e  a r e  
d i f f e r e n t .  I n  f a c t ,  t h e  l a t t e r  was t h e  ca se ,  and many more employees t han  11 
had agreed t o  meet a t  t h e  h o s p i t a l .  They wanted t o  dramatize t h e  work-related 
c h a r a c t e r  of t h e i r  complaints ,  which had been ignored by p r i v a t e  phys i c i ans  
whom they  had consul ted  i n d i v i d u a l l y .  

I n  a d d i t i o n  t o  a s c e r t a i n i n g  more about t h e  medical  a spec t  of t h e  workers '  
complaints ,  in format ion  must be sought about  t h e  work environment of t h e  
polyurethane foam p lan t .  Th i s  in format ion  can  be sought from t h e  p a t i e n t s  and 
from t h e  management. The f a c t o r y  management may be a b l e  t o  confirm whether 
t h e r e  i s  an epidemic i n  t h e  workplace based on absenteeism o r  complaints  t o  a  
medical department ( i f  any) .  The management i s  u s u a l l y  t h e  only source  of a  
l i s t  of workplace chemicals  and a  d e t a i l e d  account of changes i n  product ion 
p roces s ,  v e n t i l a t i o n ,  and i n d u s t r i a l  hygiene measurements of workplace 
exposures.  

Most s a n i t a r i a n s  and o t h e r  small  town h e a l t h  departments  do not  have 
t r a i n i n g  i n  occupat iona l  h e a l t h .  I n  f a c t ,  t h e  s a n i t a r i a n s  i n  t h i s  h e a l t h  
department had rece ived  a  reques t  f o r  a s s i s t a n c e  from t h e  f a c t o r y  manager 
s e v e r a l  months before  and had in spec t ed  t h e  t o i l e t s  of t h e  f a c t o r y ,  which were 
found t o  be i n  a  s a n i t a r y  condi t ion .  Th i s  ques t i on  provides  an  oppor tun i ty  t o  
d i s c u s s  t h e  resources  a v a i l a b l e  t o  those  n o n s p e c i a l i s t s  faced w i t h  
occupat iona l  h e a l t h  problems, be they s a n i t a r i a n s ,  phys ic ians ,  nu r se s ,  o r  
workers.  



I n  the  USA, occupational h e a l t h  exper t i se  e x i s t s  i n  schools  of medicine 
and publ ic  hea l th  and i n  governmental agencies concerned with hea l th  o r  labour 
a t  s t a t e  and fede ra l  l eve l s .  I n  the  case presented here,  the  l o c a l  board of 
hea l th  contacted t h e  Massachusetts Occupational Hygiene Physician, who i n  t u r n  
involved the  Harvard School of Public  Health, the  National I n s t i t u t e  f o r  
Occupational Safe ty  and Health ( a non-regulatory hea l th  research agency), and 
the  Occupational Safe ty  and Health Administration ( a  regula tory  agency i n  the  
US Department of Labor). This d iscuss ion of resources and exper t i se  f o r  
occupational h e a l t h  inves t iga t ions  might include the  s t r eng ths  and l i m i t s  of 
each, including which groups have a u t h o r i t y  t o  e n t e r  workplaces. 

PART 2 
Answer 2 

Three simple means of inves t iga t ion  e x i s t  f o r  cha rac te r i z ing  an outbreak 
of a  new occupational d isease :  an epidemiological survey, r e f e r r a l  of 
severely a f fec ted  persons t o  medical s p e c i a l i s t s  f o r  d e t a i l e d  d iagnost ic  
t e s t i n g ,  and c o r r e l a t i o n  of changes i n  production processes o r  measurements of 
chemical exposure wLth the  occurrence of i l l n e s s .  

The goals  of an epidemiological survey a r e  t o  e s t a b l i s h  who i s  a f f e c t e d ,  
where i n  the  production process,  and when. Characterizing who is a f fec ted  
requ i res  quest ions concerning age, sex, job category,  personal  hygiene, s h i f t  
worked, dura t ion  of employment, absenteeism, and presence of s p e c i f i c  
symptoms. A case d e f i n i t i o n  must be formulated f o r  t h e  purpose of comparing 
a f fec ted  employees (cases)  with unaffected employees ( con t ro l s )  f o r  a t t r i b u t e s  
o r  r i s k  f a c t o r s  f o r  i l l n e s s .  Locating onset  of complaints i n  time may a l s o  
give a valuable c lue  t o  which changes i n  production processes may be 
responsible.  Latency of the  i l l n e s s  a f t e r  f i r s t  exposure t o  t h e  p lan t  might 
be determined by ana lys i s  of the  symptom experience of recently-hired 
employees. 

Appropriate d iagnost ic  t e s t i n g ,  i n  conjunction with a ques t ionnai re  survey 
o r  by r e f e r r a l  t o  medical s p e c i a l i s t s ,  r equ i res  hypotheses about the  na ture  of 
the  d isorder .  I n  t h i s  outbreak, the  i n v e s t i g a t o r s  were puzzled because the  
emergency-room physician had made no d iagnosis  and t h e  a v a i l a b l e  da ta  were not 
compatible with i n f e c t i o n  o r  p r o s t a t i c  obs t ruc t ion  espec ia l ly  considering t h a t  
some of those e f fec ted  were women. 

No known i n d u s t r i a l  chemical produced ur inary  r e t e n t i o n  on a 
pharmacological b a s i s  and persons complained of symptoms p e r s i s t i n g  over a  
week-long p lan t  c losure  during a b l izzard .  No known neurotoxin a f fec ted  the  
bladder p r e f e r e n t i a l l y .  It appeared t h a t  d e t a i l e d  t e s t i n g  by neurologis ts  and 
u r o l o g i s t s  was the  most promising l i n e .  Another group of i n v e s t i g a t o r s  chose 
t o  do intravenous pyelograms a s  well  t o  evaluate  the  d i so rde r  (Keogh, e t  a l .  
1980). Of course, hypotheses about the  na ture  of the  i l l n e s s  must be 
formulated before the  design of t h e  symptom por t ion  of the  quest ionnaire.  

Production records were useful  i n  severa l  ways. We reviewed whether any 
new chemicals had been introduced i n  the  preceding year and where and i n  what 
amount they had been used. We were a l s o  i n t e r e s t e d  i n  production f i g u r e s  by 
s h i f t  and by assembly l ine .  



PART 3 
Answer 3 

a) I n  t h i s  s e t t i n g  t h e  assessment of d i s e a s e  s t a t u s  must be based on a 
v a r i e t y  of symptoms, which should be condensed i n t o  a s i n g l e  summary 
v a r i a b l e  a s  t o  whether each i n d i v i d u a l  was ill o r  wel l .  A ca se  
d e f i n i t i o n ,  which i s  t o  a l a r g e  ex ten t  a r b i t r a r y ,  i s  one method f o r  doing 
t h i s .  This  approach a l lows  u s  t o  d i v i d e  the  populat ion i n t o  ca ses  and 
non-cases, o r  c o n t r o l s ,  i n  o rde r  t o  look f o r  d i f f e r e n c e s  i n  
c h a r a c t e r i s t i c s  which may be va luable  c l u e s  a s  t o  r i s k  f a c t o r s  o r  
p r o t e c t i v e  f a c t o r s  f o r  d i sease .  Had our  i n v e s t i g a t i o n  measured some 
q u a n t i t a t i v e  measure of dysfunct ion ,  we might have chosen t o  r e t a i n  t h e  
cont inuous d a t a  i n  our  a n a l y s i s .  

b) Non-cases could serve  a s  c o n t r o l s .  However, another  approach t o  t he  d a t a  
a n a l y s i s  was t o  d i v i d e  t h e  f a c t o r y  popula t ion  i n t o  a n  "a t - r i sk"  group and 
a n  unexposed group. The a t - r i s k  group included a l l  employees who worked 
i n  t h e  product ion o r  f i n i s h i n g  a r e a s ,  who were assumed t o  be exposed t o  
DMAPN. These a t - r i s k  employees were compared wi th  employees working i n  
nonmanufacturing a r e a s  such a s  t h e  warehouse. This  means of a n a l y s i s  i s  
t h a t  of a cohort  s tudy,  r a t h e r  t han  a case-control  study. Both means of 
a n a l y s i s  use a comparison group, o r  c o n t r o l  group. I n  a cohor t  s tudy ,  t h e  
exposed group is  compared t o  t he  unexposed group f o r  d i sease  outcome. I n  
a case-control  s tudy ,  t h e  ca se  group i s  compared t o  t h e  non-case group f o r  
r i s k  f a c t o r s .  

PART 4 

Answer 4 

a )  Occupational neuropath ies  which a f f e c t  t h e  p e r i p h e r a l  nerves u sua l ly  cause 
numbness o r  t i n g l i n g  ( sensory  changes) o r  weakness (motor changes) i n  t h e  
hands o r  f e e t .  The bladder  nerves a r e  p a r t  of t he  p e r i p h e r a l  nervous 
system, but  a r e  autonomic r a t h e r  than  somatic. Some t o x i c  neuropath ies  
have autonomic e f f e c t s .  For example, acrylamide causes abnormal 
sweating. Although only a smal l  number of persons (13/104) complained of 
ex t r emi ty  numbness, sugges t ing  a p e r i p h e r a l  neuropathy, t h e  mechanism of 
t h e  u r i n a r y  and sexual  dysfunct ion  was undoubtedly neuro logica l .  A 
sensory neuropathy was suggested by abnormal u r e t h r a l  s ensa t ion  and l o s s  
of t h e  sense of bladder  f u l l n e s s .  A motor neuropathy was suggested by t h e  
d i f f i c u l t y  i n  i n i t i a t i n g  and maintaining t h e  u r i n e  stream. 



Eight  symptomatic employees were r e f e r r e d  f o r  neuro logic  t e s t i n g  two and a 
ha l f  weeks a f t e r  DMAPN was removed from product ion.  Seven of them had 
neu ro log ica l  abnorma l i t i e s  of t h e  d i s t a l  lower e x t r e m i t i e s  on p h y s i c a l  
examination. Nerve conduct ion tests on peronea l  and s u r a l  ( lower l e g )  ne rves  
and on pudendal nerves  showed a t  l e a s t  one abnormal measurement i n  f o u r  of t he  
e i g h t .  F ive  p a t i e n t s  lacked t h e  d e t r u s o r  r e f l e x  which empties  t h e  b ladder  i n  
a coordinated fash ion .  Two a d d i t i o n a l  p a t i e n t s  had a h igh  sensory  t h r e sho ld  
f o r  bladder  f i l l i n g .  These f i n d i n g s  on neu ro log ica l  t e s t i n g  and 
cystometrograms a r e  c o n s i s t e n t  w i t h  a neuropathy a f f e c t i n g  t h e  b ladder  nerves .  

b) I n  t h i s  s t udy ,  prevalence in format ion  was c o l l e c t e d  from 208 of 213 
c u r r e n t  workers. F ive  workers re fused  t o  p a r t i c i p a t e .  Because t h e  
in format ion  on exposure and d i s e a s e  was c o l l e c t e d  s imul taneous ly ,  t h i s  
s tudy  i s  c ros s - sec t iona l .  Only by chance do t h e  number of c a s e s  (104) 
equa l  t h e  number of non-cases. 

Op t iona l ly ,  t h e  i n s t r u c t o r  can d i s c u s s  s e l e c t i o n  of t h e  a p p r o p r i a t e  
a n a l y s i s .  The a p p r o p r i a t e  a n a l y s i s  i s  c a l c u l a t i o n  of exposure s p e c i f i c  
p reva lence  r a t e s  and prevalence r a t i o s .  I n  t h i s  s tudy  t h e  a l t e r n a t e  approach, 
t h e  c a l c u l a t i o n  of t h e  odds r a t i o ,  i s  a poor approximation of t h e  preva lence  
r a t i o ,  probably because t h e s e  d a t a  do not  meet t he  caveat  t h a t  t h e  d i s e a s e  
prevalence must be low ( l e s s  t han  10%) f o r  t h e  odds r a t i o  t o  approximate t h e  
prevalence r a t i o .  

DATA 

Not 
Case Case 

104 - 
DMAPN + 104 62 166 Prevalence r a t i o  = 166 = 26.3 

o* 
42 

DMAPN - 0 42 42 
104 - 

Odds r a t i o  = O* = 70.4 
104 104 2 08 6 2 

T 

*Assume 1 f o r  purposes  of r a t i o  c a l c u l a t i o n  

Answer 5 

The r o u t e  of exposure was probably i n h a l a t i o n .  Handling foam was no t  
s p e c i f i c a l l y  a s s o c i a t e d  w i th  t h e  bladder  syndrome. I n  a d d i t i o n ,  t h e r e  were 
c a s e s  among persons who i n f r e q u e n t l y  handled foam o r  chemical compounds, 
e.g., e l e c t r i c i a n s .  D i f f e r ences  f o r  c a s e s  were no t  observed i n  handwashing 
p r a c t i c e s ,  l o c a t t o n  of e a t i n g ,  o r  showering a f t e r  work. Unpublished animal  
d a t a  suggest  abso rp t ion  by both s k i n  and r e s p i r a t o r y  rou t e s .  



Answer 6 
A rough exposure-response r e l a t i o n  i s  suggested by t h e  amount of c a t a l y s t  

used i n  monthly product ion and t h e  inc idence  of new cases .  The outbreak 
appears  t o  have ab rup t ly  stopped by t h e  time of t h e  ques t ionna i r e  survey i n  
t h e  second week of A p r i l  1978. Exposure-response r e l a t i o n s h i p s  a r e  an  
important  f i nd ing  i n  support  of causa l  a s soc i a t ion .  I n  t h i s  p l a n t ,  product ion 
va r i ed  by s h i f t .  Thus, ca se  r a t e s  might be expected t o  vary by s h i f t ,  i n  l i n e  
w i t h  product ion.  I n  a d d i t i o n ,  exposure probably v a r i e s  by job category.  

Answer 7 
The case  r a t e s  presented i n  Fig. 5 a r e  78% f o r  t h e  second s h i f t ,  58% f o r  

t h i r d  s h i f t ,  and 53% f o r  f i r s t  s h i f t .  Table  I X  i n d i c a t e s  t h a t  second and 
t h i r d  s h i f t s  each had h igher  product ion.  What i s  not suppl ied t o  t he  s tudent  
i s  a c h a r a c t e r i s t i c  t h a t  i s  a s s o c i a t e d  wi th  exposure: absenteeism. 
Absenteeism i s  o f t e n  h igh  f o r  persons working from 23h00 u n t i l  07h00 . When 
case  r a t e s  a r e  c a l c u l a t e d  f o r  person-months of exposure, second and t h i r d  
s h i f t  had nea r ly  equal  ca se  r a t e s  (0.14 and 0.15 c a s e s  per  person-month, 
r e s p e c t i v e l y ) ,  and they  were double t h e  case  r a t e  f o r  t h e  f i r s t  s h i f t  (0.07 
c a s e s  pe r  person-month). The case  r a t e s  by s h i f t ,  ad jus t ed  f o r  absenteeism, 
support  an  exposure-response r e l a t i o n  between DMAPN and r a t e s  of bladder  
neuropat hy (Table X). 

Another u se fu l  i n v e s t i g a t i o n  might be a s tudy  of d i f f e r e n c e s  i n  
v e n t i l a t i o n  by s h i f t .  

Table  X. Absenteeism among employees i n  production'  work. 

Dec. Jan. Feb. Mar. T o t a l  
S h i f t  1 
Precentage absent* 5.3 8.0 5.1** 4 . 1  5.5 

Average present /day  46.0 43.3 47.9 47.6 46.3 

S h i f t  2 
Precentage absent* 

Average present /day  43.9 44.3 43.5 43.7 43.7 

S h i f t  3 
Percentage absent* 8.6 9.3 6.4** 9.2 8.5 

Average p re sen t lday  41.8 43.1 48.4 46.7 44.9 

*Percentage absent--Number of persons absent  X number of days of 
absence / lo t a l  person days. - 

**Excluding February 1978 b l i zza rd .  



Answer 8 

There a r e  many appropr ia te  next s t eps :  

a )  A i r  measurements of DMAPN were attempted t en  days a f t e r  the  c a t a l y s t  was 
withdrawn from production, and DMAPN was detected a t  0.11 mg/m3. 
However, s ince  there  were no environmental measurements while DMAPN was 
used i n  production, the  q u a n t i t a t i v e  exposures associa ted  with t h i s  
epidemic a r e  unknown. 

b) A s c i e n t i f i c  and e t h i c a l  r e s p o n s i b i l i t y  i s  t o  see  whether t h i s  epidemic 
was repeated elsewhere. The s c i e n t i f i c  r e s p o n s i b i l i t y  i l l u s t r a t e s  
another  c r i t e r i o n  f o r  c a u s a l i t y  i n  epidemiological associa t ion:  
consistency of f ind ings  among inves t iga to r s .  This epidemic was a newly 
described assoc ia t ion  of a chemical exposure with a new kind of 
neuropathy. Another group of i n v e s t i g a t o r s  had s i m i l a r  f indings  i n  a 
polyurethane foam plant  i n  Maryland (Keogh, e t  a l .  1980). I n  the  
absence of a known s i m i l a r  outbreak, o the r  users  of t h e  chemical can 
o f t e n  be i d e n t i f i e d  through the  producer o r  with the  a s s i s t ance  of 
governmental a u t h o r i t i e s  ( i n  the  USA, t h e  Occupational Safe ty  and Health 
Administration o r  the  National I n s t i t u t e  f o r  Occupational Safe ty  and 
Health).  

c )  Prevention of f u r t h e r  cases  of an occupational d isease  is  the  
j u s t i f i c a t i o n  of a l l  t h e  i n v e s t i g a t i v e  s teps .  When t h e  cause of a n  
outbreak of occupational d i sease  i s  c l e a r ,  con t ro l  of the  d isease  i s  
usual ly  c l e a r .  I n  t h i s  ins t ance ,  the  outbreak was terminated rap id ly  
when the  c a t a l y s t  was removed from production. The producer, Union 
Carbide, vo lun ta r i ly  stopped s e l l i n g  the  c a t a l y s t .  I n  o the r  ins t ances ,  
engineering c o n t r o l s  and personnel p ro tec t ive  equipment might be 
appropr ia te  preventive measures, i f  s u b s t i t u t i o n  of chemical c a t a l y s t s  
had not been possible.  I n  t h a t  ins tance ,  animal tox ico log ica l  s t u d i e s  
might be needed t o  determine s a f e  l e v e l s  of exposure. 

d )  Follow-up of persons c lassed  a s  cases  i s  important t o  determine the  
na tu ra l  h i s t o r y  of the  d i sease  and t h e  e f f i cacy  of any treatment.  I n  
t h i s  outbreak, 51% of the  cases noted symptomatic improvement a t  the  
time of t h e  survey (which was 8 t o  13  days a f t e r  removal of DMAPN from 
production). An add i t iona l  21% of the  cases sa id  they were back t o  
normal. Three months l a t e r ,  76% of t h e  previous cases  were 
asymptomatic, and the  remainder reported improvement. However, some 
abnormali t ies  were present  a t  two-year follow up i n  l a t t e r  group 
(Bakers, e t  a l .  1981). 

I n  the  case of some i n d u s t r i a l  neurotoxins, treatment may be 
e f f i cac ious .  For example, physicians t r y  t o  acce le ra te  the  excre t ion  of 
lead with disodiumedetale and of chlordecone (Kepone) with cholestyramine. 
The neurological  e f f e c t s  of carbon monoxide poisoning a r e  t r e a t e d  by t h e  
adminis t ra t ion  of oxygen. Unfortunately, f o r  most occupational neuropathies 
caused by chemicals the re  is  no known treatment. 



Answer 9 

a )  Even i n  a epidemic s i t u a t i o n  with 104 cases ,  the  e t io logy of complaints 
was not discovered f o r  seve ra l  months. I n  t h i s  outbreak, more than hal f  
of t h e  persons classed a s  cases  had seen physicians without d iagnosis ,  
improvement, o r  the  physician not i fy ing the  public  h e a l t h  a u t h o r i t i e s  o r  
occupational medicine s p e c i a l i s t s .  A s  described above, a group of 
symptomatic persons chose t o  dramatize the  work-related charac ter  of t h e i r  
d isorder  by going a s  a group t o  an emergency room. The p lan t  manager had 
attempted t o  ge t  public  hea l th  a s s i s t ance ,  but the  l o c a l  hea l th  o f f i c e  was 
unaware of more expert  resources o r  t h e  p o s s i b i l i t y  of a new occupational 
d isease .  That f i v e  outbreaks occurred, only two of which were 
inves t iga ted ,  i s  a commentary on the  awareness of occupational hea l th  by 
the  physician community. 

The grouting indust ry  had used DMAPN a s  a c a t a l y s t  i n  the  
polymerization of acrylamide, a l s o  a neurotoxin. I n  f a c t ,  the  f i r s t  case 
repor t  of acrylamide neuropathy i n  1967 had simultaneous exposure t o  
DMAPN. The use of the  c a t a l y s t  i n  the  grouting indus t ry  was charac ter ized  
by outdoor loca t ion  and by exposure of only a few persons a t  one time. 
Both of these  f a c t o r s  may expla in  why bladder neuropathy cases may not 
have occurred o r  been recognized. Males with the  symptoms of bladder 
neuropathy would probably be diagnosed a s  having p ros ta te  condit ions.  

I n  summary, an epidemic involving l a rge  numbers of men and women, 
indoors i n  a f ac to ry  s i t u a t i o n ,  was a p re requ i s i t e  t o  making the  
as soc ia t ion  between DMAPN exposure and a new kind of neuropathy. Even 
then,  the  d iagnosis  was not speedy o r  automatic. 

b) The LD50 gives no information regarding the  mechanism of tox ic i ty .  
However, the  da ta  s a f e t y  sheet  does suggest t h a t  the  chemical i s  absorbed 
by cutaneous and resp i ra to ry  routes .  One might quest ion what was meant by 
the  statement "concentrated vapours caused i r r i t a t i o n  of eyes, lower l e g s  
and f e e t " :  d id  i n h a l a t i o n  cause a per iphera l  neuropathy of t h e  lower 
limbs of r a t s ?  No rout ine  t e s t i n g  f o r  neurotoxic i ty  i s  customary f o r  
i n d u s t r i a l  chemicals. Indeed many neurotoxins have been discovered 
because of workplace epidemics: acrylamide, n-hexane, methyl n-butyl 
ketone, chlordecone, and leptophos. Routine ~ e u r o t o x i c o l o g i c  Tes t ing  of 
chemicals i s  l imi ted  i n  p a r t  because of the  lack  of well-developed 
methodology. For an exce l l en t  overview of chemical neurotoxins, see  
Spencer & Schaumburg (1980). 
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GYNAECOMASTIA I N  ESTROGEN EXPOSED WORKERS* 

PART 1 

On 26 A p r i l  1976, t h e  Sec re t a ry  of Heal th  f o r  t h e  Commonwealth of Puer to  
Rico, contac ted  t h e  Epidemic I n t e l l i g e n c e  Se rv i ce  (EIS) O f f i c e r ,  Environmental 
Hazards A c t i v i t y ,  Cancer and B i r t h  Defects  Div is ion ,  Bureau of Epidemiology, 
US Center f o r  Disease Control  (CDC), A t l an t a ,  t o  reques t  a s s i s t a n c e  
i n  eva lua t ing  the  h e a l t h  of workers a t  a pharmaceut ical  company i n  Puer to  
Rico. The p l a n t  manufactured con t r acep t ive  p i l l s  and t h e  Secre ta ry  had 
received complaints  of menstrual  d i so rde r s  i n  approximately 50% of the  100 
female employees, a s  wel l  a s  complaints  of p o s s i b l e  e s t rogen ic  e f f e c t s  i n  some 
male employees. Fu r the r  d i scuss ions  involved o t h e r  members of t he  Bureau of 
Epidemiology a s  wel l  a s  t h e  Hazard Evaluat ion and Technical  Ass is tance  Branch, 
NIOSH, C inc inna t i .  It was agreed t h a t  a combined NIOSH-CDC i n v e s t i g a t l o n  
should be conducted. Accordingly, t h e  EIS o f f i c e r  and a n  epidemiology 
e l e c t i v e  s tudent  were despatched from At l an ta  t o  San Juan on 28 A p r i l  1976. 

Question 1 

a)  An i n v e s t i g a t i o n  undertaken by a dua l  agency approach t o  a Spanish 
speaking a r e a  r a i s e s  a number of o rgan iza t iona l  d i f f i c u l t i e s .  How would 
you at tempt  t o  avoid chaos? 

b) What information would you have requested i n i t i a l l y  t o  dec ide  i f  a s tudy  
was ind ica t ed  and f e a s i b l e ?  

PART 2 

The fol lowing i s  a d e s c r i p t i o n  of the p l a n t :  

The f a c t o r y  occupied a c o a s t a l  s i t e  a t  Dorado, 1 5  km west of San Juan, and 
formed one of a group of new e n t e r p r i s e s  a t t r a c t e d  t o  Puerto Rico from 
mainland USA by f i n a n c i a l  i n c e n t i v e s  and t h e  ready a v a i l a b i l i t y  of labour .  
The p l an t  was b u i l t  two years  p r i o r  t o  t he  i n v e s t i g a t i o n ,  and had been f u l l y  
ope ra t iona l  f o r  l e s s  than  e ighteen  months. It employed 57 employees i n  two 
s h i f t s ,  a l l  but one of whom were Puerto Rican. 

A l l  t h e  i n g r e d i e n t s  of t h e  o r a l  con t r acep t ive  p i l l s  were imported from 
mainland USA and the  flow of m a t e r i a l s  through the  p l an t  began a t  t he  
warehouse . I n  essence ,  t h e  f low through t h e  p l a n t  was t h e r e a f t e r  clockwise. 
Q u a l i t y  assurance in spec t ion  was undertaken on samples of the  batches of raw 
m a t e r i a l s  before  t h e  shipment was c l ea red  f o r  weighing. The i n e r t  f i l l e r s  and 
l u b r i c a n t s  were weighed by a t echn ic i an  wearing g loves  and a NIOSH r e s p i r a t o r  
approved f o r  nontoxic dus t  i n  an a r e a  suppl ied  with l o c a l  exhaust v e n t i l a t i o n .  

- 

* By J . M .  Harr ington,  1983; e d i t e d  J u l y  1985. 
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The a c t i v e  i n g r e d i e n t s  - mestranol  and norethindrone - were added t o  t he  

i n e r t  mixture i n  t h e  g r a n u l a t i o n  room. The e s t rogen  was added d isso lved  i n  
methanol. Af t e r  mixing, t h e  product was d r i e d .  (The g ranu la t ion  room, i n  
a d d i t i o n  t o  having l o c a l  exhaust v e n t i l a t i o n  i n  t h e  weighing a r e a  and a  
changing room f o r  t h e  employees, was equipped wi th  i t s  own a i r  supply forced  
i n t o  the  room through c e i l i n g  i n l e t s  on one s i d e  of the  room and removed 
through f l o o r  o u t l e t s  on t h e  oppos i t e  s i d e  of t h e  room. When a c t i v e  
i n g r e d i e n t s  were handled, the  workers wore a n  a i r - suppl ied  v i n y l  s u i t .  A t  
o t h e r  t imes ,  they  wore a  s u r g i c a l  mask, g loves  and personal  p r o t e c t i v e  
c l o t h i n g ) .  

Af t e r  g ranu la t ion ,  t h e  mixture was compressed i n t o  t a b l e t s  i n  an ad jacent  
room equipped with laminar a i r - f low v e n t i l a t i o n ,  t h e  t a b l e t s  were inspec ted  
and then  s tored .  Packaging was undertaken on an  assembly l i n e  wi th  automatic  
b l i s te r -packing  c a p a b i l i t y .  The assembly l i n e  a r e a  was l o c a l l y  exhausted and 
p a r t i a l l y  enclosed i n  p l e x i g l a s s .  Nine ope ra to r s ,  one l i n e  tender ,  one l i n e  
s p e c i a l i s t ,  two mechanics, two q u a l i t y  c o n t r o l  i n s p e c t o r s  and a  supe rv i so r  
worked on each s h i f t .  They wore o v e r a l l s ,  head gear ,  d i sposable  s u r g i c a l  
masks and f i n g e r  c o t s .  The room was air-condit ioned.  There were 14  o f f i c e  
s t a f f .  

Symptoms i n  female employees were f i r s t  repor ted  wi th in  6-12 months of 
s t a r t i n g  work ( s i x  months before t h e  s tudy) .  The main complaints  were 
bleeding between pe r iods  w i t h  o r  without i r r e g u l a r i t y  of menses. The f i r s t  
male employee complaint occurred i n  A p r i l  1975 and s i x  months months a f t e r  
commencing work. He complained of i t c h i n g  and t i n g l i n g  of t he  n ipp le s ,  which 
progressed t o  f r a n k  enlargement of t h e  b r e a s t  wi th  a  milky whi te  d ischarge  
from the  n ipple .  He a l s o  complained of l o s s  of l i b i d o  and progress ive  
impotence. 

Ques t ion  2 

a )  Discuss t h e  poss ib l e  e t f o l o g i e s  of t hese  complaints.  
b) With a  feminizing syndrome f a i r l y  wel l  e s t a b l i s h e d ,  how would you proceed 

t o  v e r i f y  t h e  d i agnos i s  i n  t h e  index c a s e s  and review t h e  remainder of the  
workf orce? 

PART 3 

Fi f ty - f ive  of the  57 employees were a v a i l a b l e  f o r  s tudy (two were o f f  s i c k  
with un re l a t ed  complaints) .  A ques t ionna i r e  covering t h e  p o i n t s  ou t l i ned  i n  
P a r t  I1 was administered and each employee was g iven  a  s h o r t  phys i ca l  
examination designed t o  d e t e c t  c l i n i c a l  hyperestrogenism. A blood sample was 
then  taken  f o r  exogenous e s t rogen  a n a l y s i s .  Two persons refused the  
examination, and one of t h e s e  a l s o  re fused  t h e  venipuncture.  

Question 3 

a )  This  i n v e s t i g a t i o n  con ta ins  a  h ighly  s e n s i t i v e  h e a l t h  review. How might 
you proceed t o  achieve a  h igh  response r a t e ?  

b)  How can you v a l i d a t e  t he  c l i n i c a l  f i nd ings?  
How should you proceed t o  acqu i r e  comparison d a t a ?  
How should you ana lyse  the  da ta?  



PART 4 

The fol lowing i s  a  summary of t he  ep idemiologica l  d a t a  f o r  a l l  p l a n t  employees: 

Plasma e thynyl  
Case(+) o r  e s t r a d i o l  l e v e l s  

Case No. S ex  P l a n t  dep t .  non-case (-) ( f o r  Normal N)* - 
Off i ce  N 

N 
N 
N 
N 
0  
No Sample 

14 M - N 
15  F Qua l i t y  assurance  - 
16 F - 

2 1 F + 
2 2 M Manager - N 
2 3 F Sec re t a ry  - N 
24 M Supervisor  - N 
25 M Supervisor  - N 
26 .M Supervisor  - N 
27 M Process  t e c h n i c i a n  + N 
2 8 M + N 
2 9 F + 
3 0 M Line i n s p e c t o r  - N 
3 1 M - 
32 M Mechanic + N 
33 M - 
3 4 M - N 
35 M Line t ende r  - 
36 M - TJ 
37 M Custodian a N 



38 F Packing ope ra t i ve  ---------- OFF SICK--------------- 
39 F - 11 
4  0 F + N 
4  1 F + N 
4  2 F + 
43 F - N 
44 F + N 
45 F - 
46 F + N 
4 7 F + N 
4 8 F + N 
4  9 F - N 
5  0 F ---------- OFF SICK--------------- 
51 F - 
5 2 F + N 
53 F + N 
5 4  F N 
5 5  F - N 
56 F - N 
5 7 F + N I* 

*Elevated l e v e l s  = 30  pg/ml f o r  women not  c u r r e n t l y  using o r a l  
con t r acep t ives ,  and f o r  a l l  men. 

150 pg/ml f o r  women c u r r e n t l y  us ing  o r a l  
con t r acep t ives .  

Ques t ion  4 

a )  Ca lcu l a t e  t h e  departmental  a t t a c k  r a t e s  by sex ( t h e  departments were: 
o f f i c e ,  q u a l i t y  assurance ,  p rocess  t echn ic i an ,  packing ope ra t i ve s ,  o t h e r  
product  ion  s t a f f )  . 

b) What do t h e s e  r e s u l t s  sugges t?  

c )  Devise a t a b l e  of e l eva t ed  plasma e thynyl  e s t r a d i o l  l e v e l s  by 
department.  What does i t  show? What e r r o r s  may have l e d  t o  t h i s  
unimpressive r e s u l t ?  

PART 5 

The fol lowing t a b l e s  show the  r e s u l t s  of comparing menstrual  h i s t o r y  d a t a  
of t h e  f a c t o r y  popula t ions  ( o f f i c e  versus  non-office) wi th  t h e  c o n t r o l s .  

Table X I  shows the  r e s u l t s  f o r  ungrouped da t a .  



Table X I .  Comparison of menstrual  h i s t o r y  d a t a  f o r  p a s t  twelve 
months f o r  30 female f a c t o r y  employees and 60 matched con t ro l s .*  

Age of menarche 

Factory workers 
(N-30) 

MEAN 
12.3 

S.D. 
1.1 

Cont ro  1s 
(N=60) 

MEAN S.D. 
12.5 1.5 

Frequency of menstruat ion 28.1 0.4 28.8 4.0 

Durat ion of menstruat ion 4.1 1.1 4.1 1.1 

% with intermenstrual-  
bleeding ( a l l  c a t e g o r i e s )  4 OX (12) 16.7% (10)  

Category 4 & 5 o f f i c e  
workers 

Category 1, 2 & 3 
non-of f i c e  workers 

* Source - Harrington,  e t  a l .  1978, Table 2,  p. 13. 

Table X I 1  shows the  r e s u l t s  of matched p a i r  a n a l y s i s  (two c o n t r o l s  f o r  
each f a c t o r y  worker). 

Table X I I .  Comparison of i n t e rmens t rua l  bleeding h i s t o r y  i n  o f f i c e  
workers ( c a t e g o r i e s  4 & 5) and p l a n t  workers ( c a t e g o r i e s  1, 2 & 3) 

and c o n t r o l s  by matched p a i r  a n a l y s i s  

Intermenstural  
bleeding 

Off i c e  workers 
No. of c o n t r o l s  

2 1 0 

Non-of f i c e  workers 
No. of c o n t r o l s  

2 1 0 

Fac tory  + 

Factory - 
Estimated Re la t ive  
Risk (RR) 

95% Confidence 
Limi ts 

Ques t ion  5 

a )  Are you impressed wi th  t h e  matching procedure a s  judged by the  comparisons 
of age a t  menarche, frequency and d u r a t i o n  of menstruat ion? 
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b) Does Table X I 1  add more weight t o  your conclus ions  from Question 4b? 
c )  What f u r t h e r  d a t a  should be included i n  your assessment of t h e  probable 

workplace hazard? 

PART 6 

I n d u s t r i a l  hygiene d a t a  

The i n d u s t r i a l  h y g i e n i s t s  undertook a walk-through t o u r  of the  p l a n t ,  
inspec ted  t h e  process  and decided upon t h e i r  sampling s t r a t e g y .  This  included 
a r e a s  sampling, personal  ( l a p e l )  sampling and wipe samples from work su r f aces .  

The r e s u l t s  of t h e i r  survey a r e  shown i n  Table X I I I :  

Table X I I I .  Environmental measurements. 
Mest r ano l  

up /P 
Area sampling (6-7 hour sampling t ime)  

Granulat ion room 1.10 

Compression room 0.73 

Packaging l i n e  2.19-6.47 

Inspec t  ion  0.06 

Packaging room 0.59 

Personal  sampling (6-7 hour sampling t ime)  

Technician i n  compression 
room 

Line ope ra to r s  N.D.-8.61 

Wipe samples 

Packing room 
- Work bench 

- Opposite t a b l e t  
r e j e c t i o n  

Employees c l o t h e s  

Changing room 

Norethindrone 
ug l& 

N.D. 

N.D. = not  de t ec t ab le .  



m Question 6 

a) Do these data support the a ~riori risk grouping done at the start of the 
exercise? 

b) The ratio (weight for weight) of the two active ingredients in the oral 
contraceptive was mestrano1:norethisterone-1:20. Any comments? 

c) What hygiene improvements might be implied to be needed from these results? 

PART 7 

Implications of epidemiolo~ical data for standard sett in^ for estrogens 

No occupational hygiene standards exist for estrogen, yet this chemical 
(and other pharmaceuticals) is biologically more potent than many other 
chemicals and metals for which standards exist. Although the data from this 
study are insufficiently accurate to be used alone to set a standard, an 
approximate figure can be calculated thus: 

An estimate for safe levels of estrorcen in air 

50 ug of ethynyl estradiol (EE2) per day --> FSH ( O 
--> ? f eminizing 

effect ( 0 1 

(1) The "no effect" dose is 100 times less 
(2) Oral dose = inhaled dose 
(3) Person doing light work inhale 3-8 m3 of air in 8 hours. 

No effect EE2 concn. = 0.06 to 0.16 ug/m3. 

Clinical effects would occur at concentrations between 6 and 16 ug/m3. 

E M m  
Area samples 10 1.43 
(ug/m3) 

Personal samples 13 1.96 
(ug/m3) 

S.D. Range 
1.91 0-6.47 



Question 7 
a )  What comments have you t o  make on the  v a l i d i t y  of t h e  above exerc ise?  
b) What impl ica t ions  would such a standard, i f  accepted, have on the  

manufacture and formulation of es t rogen containing preparat ions? 
c )  Are formal s tandards based on b e t t e r  evidence then t h i s ?  

PART 8 

Concluding remarks 

The inves t iga t ion  studied here shows t h a t  with r e l a t i v e l y  simple 
epidemiological techniques, a worker-ini t iated study was capable of 
demonstrating f a i r l y  conclusive evidence of an occupationally induced 
i l l n e s s .  This a s soc ia t ion  of exposure with e f f e c t  was rendered e a s i e r  by t h e  
absence of any o ther  ser ious  e t i o l o g i c a l  contender, the  s ing le  purpose of the  
workplace - namely t o  formulate o r a l  cont racept ives  - , t h e  shor t  l i f e  span of 
the  fac tory ,  the  absence of any appreciable labour turnover and the  s e v e r i t y  
of the  hea l th  e f f e c t s  - p a r t i c u l a r l y  i n  t h e  males. 

Some ser ious  methodological shortcomings a r e ,  however, highlighted:  the  
plasma ethynyl e s t r a d i o l  l e v e l s  were not p rec i se ly  timed nor were they 
accura te ly  r e l a t e d  t o  the  timing of l a s t  inges t ion  of prescribed o r a l  
cont racept ive  p i l l s .  No o the r  measures of o v e r i a n / t e s t i c u l a r  funct ion  were 
undertaken f o r  exclusory purposes. Furthermore, i n  a l e s s  obvious outbreak, 
the  c l i n i c a l  outcome measures of gynaecomastia and a pas t  h i s t o r y  of 
intermenstrual  bleeding might have proved too crude an index of dysfunction. 

Although t h i s  study i s  the  f i r s t  t o  h ighl ight  t h e  occupational hazards of 
a modern pharmaceutical p lant  handling potent sex hormones, i t  is  predated by 
a repor t  of Scarff  and Smith i n  a d ie thy  s t i l b e s t r o l  p lan t  i n  1942, and 
Fitzsimmons i n  1944. Even ch i ld ren  have been a f fec ted  by t h e i r  f a t h e r s  
contaminated c lo th ing.  Nevertheless, t h e  present  study emphasizes t h e  
scrupulous care  needed t o  avoid unwanted worker e f f e c t s  when deal ing with 
potent b io log ica l ly  a c t i v e  agents.  This i s  a general ized problem of the  
pharmaceutical indus t ry  which i s  l a rge ly  unreported i n  the  medical l i t e r a t u r e .  
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INSTRUCTOR'S NOTES - 
GYNAECOMASTIA IN ESTROGEN EXPOSED WORKERS 

Introduction 
In brief, reports of disease in workers led to an investigation of 

estrogen related- health effects in workers manufacturing pha&aceuticals. The 
primary methodology used in this investigation was a cross-sectional survey 
for signs and symptoms of exposure and a determination of biological levels of 
estrogenic steroids. A comparison population served to establish rates for 
symptoms established in the cross-sectional survey. An industrial hygiene 
survey was conducted to measure exposure and validate the categorization of 
exposures used in the epidemiological investigation. This teaching case 
serves to demonstrate the exceptional value that can derive from observations 
made by workers. Also, it demonstrates that simple investigational designs 
may be quite adequate when the cause-effect relationship is quite prominent. 

PART --- 1 

Question 1a 
Clearly there are a number of steps that could be taken. None is 

foolproof. Some aspects covered in this study included: 

i) An agreement before departure as to who was in overall charge of the 
investigation. 

ii) A clear understanding of the individual responsibilities. 
iii) One of the hygienists and one of the epidemiologists spoke fluent 

Spanish. 
iv) Agreement was reached amongst the team members concerning who should 

deal with the press. 
v) An agreed approach to the management and the workforce was established 

before leaving Atlanta through discussions with the Puerto Rican health 
authorities and the US-based headquarters of the pharmaceutical company 
concerned. 

vi) A female Puerto Rican gynaecologist was added to the study team to help 
with the health reviews of employees. 

Question.lb 
Essential preliminary information: 

i) nature and history of workplace, numbers of employees by department and 
process; and 

ii) further details of nature and duration of workers' complaints. 



PART 2 - ..- 

Question 2a 
Causes of gynaecomastia. In this instance it is fairly straightforward as 

both males and females complained of symptoms associated with estrogen 
exposure in a factory handling estrogens. Nevertheless, you should direct the 
class to consider non-occupational causes of gynaecomastia and menstrual 
disorders. 

Gynecomastia is not an uncommon event. The commoner causes are: 

- puberty and old age, 
- hypogonadism - primary (including Klinefelter's syndrome), 

- secondary, 
- obesity 
- neoplasms, 
- systemic disease, e.g. malnutrition, renal failure, hepatic disorders, 
- drugs, e.g. digitalis, phenothiazines, marihuana, cytotoxics, 
- and perhaps less well described, asymptomatic normal men (up to 30% in 
some surveys. 

Menstrual disorders are very common. The students should begin, 
therefore, to contemplate the need for referent populations - perhaps within 
the workforce and without. 

Question 2b 
Establishment of cases and non-cages --- 

In a factory of this size, all employees should be reviewed. This entails 
a detailed history of present complaints, past medical history, status, 
medication, liver disease, as well as clinical examination, and blood samples 
for estrogen estimation. 

PART 3 

Question 3a 
Remember thia investigation was widely - even sensationally - publicized, 

and the demand for an inquiry arose from the workers. Nevertheless, several 
steps were taken to aid what turned out to be virtually complete cooperation 
from the workers: 

i) The management and employee representatives (nonunionized workforce) 
had the whole investigation outlined to them and an agreed procedure 
was adopted. 

ii) After introductory remarks by the manager and shop floor 
representative, the chief investigator outlined the plan to the whole 
workforce at a meeting in the factory with simultaneous translation 
into Spanish. A question and answer session followed. 



F 13 
iii) The questionnaire was administered by the Puerto Rican gynaecologist 

and the physical examination was undertaken by the CDC epidemiologists 
chaperoned by a female plant employee. In the main, the examination 
was centred on the examination of male breasts, though signs of 
endocrine disorders and hepatic dysfunction were looked for in both 
sexes. 

Question 3b 
Menstural history is notoriously inaccurate. Ideally, diary cards kept 

prospectively would have been a better plan, but in the circumstances, 
reliance was placed on past history during employment in the plant and the 
collection of identical data from referent populations. 

An a prior$ case definition for male and female hyperestrogenism was 
established to distinguish "case" from "non-case". The short working 
lifetime of the factory was an advantage here. The definitions were: 

: An employee who, since working at the factory, had had gynaecomastia 
(enlarged or swollen breasts or areolar area on history or examination) or 
decreased libido with increased areolar pigmentation. 

Female: An employee who, since working at the factory, has had at least one 
episode of vaginal bleeding other than at menstruation. 

i) the long and detailed questionnaire proved unnecessarily extensive as the 
workers' initial complaints proved to be the crucial questions 

ii) both the CDC epidemiologists discussed the clinical confirmation of 
gynaecomastia with endocrinologists before leaving Atlanta. In practice, 
the breast enlargements were gross and in one case was accompanied by 
demonstrable galactorrhoea and in another the enlargement was unilateral. 

Question 3c 
The brighter students should be beginning to question whether a risk-group 

categorization of the workforce is in order, and be demanding some comparison 
data collection. The without-factory control populations were acquired for 
female employees (due to the potential bias in collecting menstrual history 
data) by applying the same menstrual questions to women attending cervical 
screening and well women clinics in the San Juan-Dorado district. This is not 
ideal, but age, socioeconomic matching and a comparison of these results with 
the limited published data showed that it was a reasonable choice of control 
subjects. In addition, the factory workforce was divided into five a priori 
risk groups depending on their potential exposure to estrogen dust - see Part 
4. 

Question 3d 
i) Attack rates were calculated for hyperestrogenism. 
ii) Calculations for factory groupings versus control populations for 

intermenstrual bleeding could be done by a simple ~2 technique. 
iii) Plasma ethynyl estradiol levels by risk group category were analysed 

using ~2 with a Yates correction for small numbers. 



PART 4 
Table XIV. Prevalence of clinical hyperestrogenism in 

plant employees by job category*. 

Males Females 
- -- -- 

Number of Number of 
employees employees 

Category - - Job at risk- Cases (%l at risk Cases (%) 

1 Processing 
technicians 2 2 (100) 1 1 (100) 

2 Quality 
assurance 2 2 (100) 5 1 (20) 

3 Production 
operatives 0 0 (0) 18 l0 (55.6) 

4 Other 
production 
staff 12 1 ( 8 . 3 )  1 0 (0) 

5 Off ice staff -9 o (Q). - 5 

* Source - Harrington, et al. Table 

Question 4a 
i) It is clear that the process technicians and quality assurance staff 

are, indeed, more likely to be affected and are certainly those at 
greatest risk of exposure to the active ingredients. The office 
workers are rarely in the plant itself. 

ii) It is impossible to estimate the significance of the 55% attack rate in 
female process workers without comparison to comparable populations, 
though the rate for female office staff is none out of five (see Table 
XI, p. F 5 ) .  

iii) The astute student may note the one male case amongst the "other 
production" staff. He was the mechanic who changed the filters in the 
granulation room. He was highly likely to be exposed to pure active 
ingredient, and therefore, may be considered inappropriately classified 
on the a priori risk groupings. 

Question 4b 
There is strong evidence of an association between occupation and 

hyperestrogenism. 



Question 4c_ 
Table XV. Plasma ethynyl estradiol (pg/ml) estimations 

--- ~rouped by job category. - 

Number of 
employees with Total 

Categog Job - -. elevated levels* population 

1 Processing technicians 1 3 

2 Quality assurance 6 7 

3 Production operatives 3 18 

4 Other production staff 3 13 

5 Office staff 5 13 

For category 1 & 2 versus category 3, 4 & 5, x2 
(with Yates Correction) = 2.99 (p = 0.08) 

*Elevated levels = > 30 pg/ml for Women NOT currently using oral 
contraceptives and for all men 

> 150 pg/ml for Women currently using oral contraceptives 

However one groups the data, the only comparison which comes even close to 
statistical significance is the one indicated in Table XV. 

Plasma ethynyl estradiol levels vary with time of day, exposure - 
occupational and therapeutic - length of exposure and time since last 
exposure. The venipunctures were done at the time of the clinical 
examination and no regard was taken for the above variations. This was a 
serious methodological shortcoming, and greater care in timing of samples, 
knowledge of timing of therapeutic dosage (if appropriate), and time during 
the work cycle might have given different results. 

PART 5 

Quest i o n 2  
The good student should'realize that menstrual history data is notoriously 

unreliable. Most women (of these ages), when questioned, will say that their 
periods started about the age of 12 years, last for about four days and occur 
every four weeks. The closeness of the comparison here probably says more 
about the comparable inaccuracies of the data than the exactness of matching 
procedure. 

Nevertheless, intermenstrual bleeding is a significant clinical sign. 
There is little difference in the control population between the reporting 
rates for off ice workers and factory process-workers. The difference is - 

great, however, within the factory. 



Question 5b 
The results in Table XI are statistically significant on a ~2 analysis, 

but the data were matched and should be analysed as matched pairs. The 
iterative method of Miettinen* is appropriate and can be done using a 
programmable calculator. The results add considerable weight to the 
hypothesis that these workers have occupationally related hyperestrogenism. 

Question & 
Industrial hygiene measurements - see Part 6 below. 

PART 6 

Quest ion6g 
i) To some extent, yes. The area samples and personal samples suggest 

that in granulation and compression (where the most florid cases 
occurred) considerable active ingredient dust was generated despite the 
stringent precautions. 

ii) However, the highest levels for mestranol were noted on the packaging 
line, a considerable amount in the changing room and also on employees' 
clothes. 

Question 6b 
The ratios (weight for weight) in the samples were not 1:20. This could 

be because one product was lost differentially in the sampling or analysis 
stages, or that the particle size and weight of the ingredients afforded them 
differing airborne properties - such as settling time. 

Question 6c 
The plant was, by and large, modern, efficient, and well run. The size of 

the health problems serves to emphasize the potency of the product (see Part 7 
below). 

Nevertheless, some improvements were in order and were complied with: 

i) increase of exhaust ventilation in tablet inspection areas; 
ii) provision of gloves, not finger cots, for the line operatives; 
iii) use of more appropriate and more efficient face masks; 
iv) the taking of particular care for the protection of the maintenance 

staff ; 

* Hiettinen, 0 . 8 ,  Ebrtimation of relative risk from individually matched 
series. Biometrics, 26: 75-86 (1970). 



• v) reevaluation of the hazards of quality assurance work; 

vi) provision of an airlock between the comparison/granulation area and the 
shower room; and 

vii) stepping up employee education programmes. 

PART 7 

Question 7a 

i) This procedure, as outlined, is clearly inadequate but has some merit. 
The assumption concerning the biologically active dose of EE2 is 
debatable - it might well be lower for some women and the evidence for 
a relevant dose in men is meager. 

ii) The safety margin of 100 is generous but not unusual. 

iii) The oral dose is almost certainly not equivalent to the inhaled dose. 
Inhalation of such materials is likely to lead to more efficient 
absorption, but the human data to support that statement for these 
hormones is lacking. 

iv) Some authorities would dispute the figure of 3-8 m3 of air for light 
work respiration. Even if acceptable, its range is very wide. 

v) No account is taken here of mouth breathing versus nasal breathing. 

Question 7b_ 

An airborne standard of, say 0.1 ug/m3 is so low that it would, for all 
practical purposes, necessitate total enclosure of all processes using the 
material. The effect of this on current pharmaceutical industrial practice 
would be extensive and expensive. 

Quest ian.2~ 

llnfortu~~ntaly, rjtnndards are often based on less relevant and reliable 
evidence than cited here. Many standards are based primarily or solely on 
animal data and it has been estimated that many current standards are foundec 
on such extrapolations or on analogy with other chemicals for which standard: 
have a firmer human basis. 





LEAD AND RENAL ARNORMALITIES 
A CASE STUDY* 

PART 1 

It i s  1976 and you have j u s t  a r r i v e d  a t  t h e  US Nat iona l  I n s t i t u t e  f o r  
Occupational S a f e t y  and Heal th  (NIOSH). Your f i r s t  assignment i s  t o  respond 
t o  a hazard e v a l u a t i o n  r eques t  from t h e  United Chemical Workers Local No. 101 
regarding workers a t  Lead I n d u s t r i e s  Inc . ,  i n  S m a l l v i l l e ,  Tennessee. A i r  
measurements have shown excess ive  exposure t o  lead  dus t  a t  t h i s  p l a n t  which 
manufactures chemicals  con ta in ing  ino rgan ic  lead .  The union r eques t s  medical 
eva lua t ion  of l ead  exposed workers,  and exp re s se s  a d d i t i o n a l  concern about t he  
company p r a c t i c e  of c h e l a t i n g  workers wi th  e l eva t ed  blood lead  l e v e l s .  

Question 1 

How would you proceed a t  t h i s  po in t ?  Who should you c a l l ?  What 
a d d i t i o n a l  in format ion  should you seek? 

PART 2 a Pre l iminary  Information 

You f i r s t  c a l l  t h e  union r e p r e s e n t a t i v e  who requested t h e  hazard 
eva lua t ion .  The shop steward t e l l s  you t h a t  t h e  p l a n t  employs approximately 
70 product ion workers i n  t h e  lead  chemicals a r e a .  Since 1925, t h i s  company 
has  produced a v a r i e t y  of l ead  chemicals  such a s  ox ides  ( red  lead  and 
l i t h a r g e ) ,  s u l f a t e s ,  and o the r s .  He t e l l s  you t h a t  t h e  US Occupational Sa fe ty  
and Heal th  Adminis t ra t ion (OSHA) inspec ted  t h e  p l a n t  i n  1975 and t h a t  l e v e l s  
of l ead  dus t  i n  t he  a i r  of s e v e r a l  departments  were above the  1975 OSHA l l m i t  
of 200 ug/m3. OSHA c i t e d  t he  p l a n t ,  but t h e  company was allowed t o  ope ra t e ,  
provided t h a t  workers i n  t h e  h igh  lead  a r e a s  wore r e s p i r a t o r s .  Some workers 
continued t o  have h igh  blood l eads .  I n  a d d i t i o n ,  t h e  union was susp i c ious  
t h a t  measurements of blood lead  by t h e  l a b o r a t o r y  used by t h e  company might be 
f a l s e l y  low. 

Your next c a l l  would be t o  t he  p l an t  manager who was su rp r i s ed  t o  r ece ive  
your c a l l ,  s i n c e  he was unaware t h a t  t h e  union had submitted a r eques t  t o  
NIOSH. He t e l l s  you t h a t  OSHA has  inspec ted  t he  p l a n t  s e v e r a l  times, and t o  
h i s  knowledge, a l l  of t h e  minor problems t h a t  e x i s t e d  have been co r r ec t ed .  He 
s t a t e s  that he must consul t  wi th  co rpo ra t e  management before  proceeding. Some 
hours  l a t e r ,  a lawyer from t h e  company c a l l s  you and says  t h a t  t h e  company 
w i l l  cooperate  wi th  NIOSH, but may br ing  l e g a l  a c t i o n  a g a i n s t  you and the  
government! 

a * By Michael J. Thun & Edward L. Baker, 1983. 



You then  a r range  the  d a t e  of t he  f i r s t  v i s i t  t o  t h e  p l an t .  You a l s o  
con tac t  t h e  r eg iona l  OSHA and l e a r n  from t h e  i n d u s t r i a l  h y g i e n i s t ,  who 
inspec ted  t h e  p l a n t ,  t h a t  OSHA may r e v i s i t  t h e  p l a n t  soon. A s  a  ma t t e r  of 
cour tesy ,  you a l s o  con tac t  t h e  s t a t e  ep idemiologis t ,  and t h e  NIOSH r e g i o n a l  
r ep re sen t a t i ve .  

Question 2 

a )  Given what you know a t  t h i s  po in t ,  what a r e  t he  immediate pub l i c  h e a l t h  
ques t i ons  t o  be addressed? 

b)  By what methods can you do t h i s ?  

PART 3 

The opening conference,  a t tended  by management and union r e p r e s e n t a t i v e s ,  
i s  r e l a t i v e l y  unevent fu l .  I n  t h e  p l a n t  you n o t i c e  s i g n s  adv i s ing  a g a i n s t  
eat i .ng o r  smoking i n  product ion a r e a s .  Workers i n  dus ty  a r e a s  a r e  wearing 
r e s p i r a t o r s  and uniforms which you a r e  t o l d  a r e  provided d a i l y  by t h e  company 
and a r e  not worn home. By t a l k i n g  t o  workers and examining t h e  personnel  
records ,  you l e a r n  t h a t  t h i s  i s  a  very s t a b l e  workforce.  There a r e  
approximately 60 non-salar ied product ion workers i n  t h e  lead  a r e a s .  A l l  are 
whi te ,  male, and have worked from f o u r  t o  t h i r t y  years .  

I n  t h e  medical department,  you a sk  t o  examine the  l abo ra to ry  records  of 
blood lead .  Samples a r e  submitted semi-monthly t o  a  c o n t r a c t  l abo ra to ry .  
These a r e  i d e n t i f i e d  only by number on t h e  s h e e t s ,  and i n  gene ra l ,  range from 
40-100 ug/dl  ( t h e  upper l i m i t  used by OSHA i n  1976 was 80 ug/d l ,  t h e  c u r r e n t  
OSHA upper l i m i t  i s  50 ug /d l ) .  The p l a n t  phys ic ian  t e l l s  you t h a t  he examines 
workers monthly t o  d e t e c t  t h e  a c u t e  symptoms of l ead  i n t o x i c a t i o n  and t o  check 
f o r  anemia. It i s  company po l i cy  t o  admin i s t e r  o r a l  EDTA (e thy lene  
d i a m i n e t e t r a a c e t i c  a c i d )  t o  workers wi th  mild symptoms o r  s i g n s  of l e ad  
poisoning. Such workers a r e  allowed t o  cont inue  working dur ing  the  course 
which l a s t s  from seven t o  t e n  days.  Occas iona l ly ,  s eve re ly  symptomatic 
workers have been t r e a t e d  by t h e  p l a n t  phys ic ian  wi th  in t ravenous  EDTA and 
removed from exposure.  Anemic workers r e c e i v e  f e r r o u s  s u l f a t e  t a b l e t s .  

Question 3 

Because t h i s  p l an t  has  dec la red  i t s e l f  unable  t o  meet t he  OSHA s tandard  
f o r  a i rbo rne  l ead  through engineer ing  o r  v e n t i l a t i o n  c o n t r o l s ,  i t  i s  r e l y i n g  
upon r e s p i r a t o r s  (persona l  p r o t e c t i o n  devices )  a s  t h e  major c o n t r o l  measure. 
What a r e  t h e  l i m i t a t i o n s  of t h i s  s t r a t e g y ?  



PART 4 

Measurements of blood lead  

You dec ide  t o  conduct a c ros s - sec t iona l  survey of c u r r e n t  workers. Your 
i n i t i a l  examination inc ludes  43 (65%) of t h e  66 workers l i s t e d  by t h e  company 
a s  non-salar ied chemical workers. The shop steward t e l l s  you t h a t  t h e  23 
non-par t ic ipants  have worked a t  t h e  shop longer ,  a r e  o l d e r ,  and a r e  r e l u c t a n t  
t o  p a r t i c i p a t e  f o r  f e a r  of offending the  company. The d i s t r i b u t i o n  of blood 
l ead  (PbB) measurements on 42 of t h e  43 p a r t i c i p a n t s  i s  a s  fo l lows:  

Table XVI. D i s t r i b u t i o n  of blood l ead  (PbB) l e v e l s .  
(N=42, Range = 39-135 u g l d l )  

PbB 
( u g l d l )  

20-39 

Number of 
p a r t i c i p a n t s  Percentage 

How do you i n t e r p r e t  t he se  blood lead  l e v e l s ?  

PART 5 

Because of t h e  un ion ' s  concern about t h e  accuracy of blood l ead  
measurements performed by t h e  company's c o n t r a c t  l abo ra to ry ,  you dec ide  t o  
" s p l i t "  n ine  samples between t h e  company c o n t r a c t o r  l abo ra to ry  and a CDC 
s e l ec t ed  r e g i o n a l  r e f e r ence  l abo ra to ry .  The r e s u l t s  a r e :  



Table X V I I .  Comparison of blood l ead  measurements by t h e  company 
company c o n t r a c t o r  compared wi th  those  of a  r eg iona l  l abo ra to ry .  

Cont rac tor  r e s u l t  CDC c e r t i f i e d  r e s u l t  
Sample number ( u g l d l )  ( u g l d l )  

Mean 

Ques t ion  5 

a )  How would you i n t e r p r e t  t he se  r e s u l t s ?  

b) What a d d i t i o n a l  in format ion  would be u s e f u l  i n  t h i s  i n t e r l a b o r a t o r y  
comparison? 

c )  How would you t e s t  t he  s t a t i s t i c a l  s i g n i f i c a n c e  of t he  d i f f e r e n c e  between 
these  measurements? 

PAR.T 6 

Heal th  E f f e c t s  

Based on t h e  above blood l e a d s ,  you communicate i n  an  i n t e r i m  r e p o r t  t o  
t he  union, company, and OSHA t h a t  exposures a t  t h i s  p l a n t  have been exces s ive ,  
and t h a t  t he  c o n t r a c t  l abo ra to ry  i s  underest imat ing the  l e v e l s  of blood l ead .  

Included i n  your c ros s - sec t iona l  medical survey were a  number of ques t i ons  
Fntended t o  determine the  prevalence of l ead- re la ted  symptoms, and s e v e r a l  
medical t e s t s  t o  determine organ system impairment. 



a) Since the effects of lead are well established, and since one can 
establish the need for more stringent control using exposure data alone, 
why bother doing medical testing? 

b) What are the major health effects of lead? Given these, what medical 
tests might have been appropriate to include in the cross-sectional study? 

You are aware that the Occupational Safety and Health Administration has 
begun hearings for the proposed lead standard. These hearings have focussed 
concern upon the chronic effects of lead on the kidney, a subject that has 
received little recent attention. In children, acute lead poisoning causes 
the acquired Debre-Detoni-Fanconi syndrome, a complex of disordered functions 
of aminoaciduria of the renal proximal tubules. In adults, lead nephropathy 
is characteristically clinically inapparent until it presents with chronic 
interstitial nephritis, and end-stage, dysfunctional kidneys (Lilis, et al. 
1968; Wedeen, et al. 1975; Baker, et al. 1980). Although "saturnine gout", 
and small scarred kidneys due to lead nephropathy were reputedly common in 
industrial populations in 19th Century Europe, it is unclear whether lead 
nephropathy continues to be a problem (Bell & Sorensen, 1969). You decide to 
look further at this issue. 

Two crude measures of renal function (blood urea nitrogen and serum 
creatinine) were included in the cross-sectional study. At issue is the 
possibility that chronic, silent loss in renal function may be an 
underrecognized effect of long-term lead exposure (Goyer & Rhyne, 1973; Lilis, 
1981). Your results are: 

Diagram of renal function tests in lead workers. 

Creatinine Blood urea nitrogen 
(Observed range: 0.8 to 1.4 ms/dl) (Observed ran~e: 11 to 30 mg/dl) 

0. 8 8 8 1 1 
2 

9 9 9 9 9 9 9 9 9 9 9 9  3 3 3 3 3  
4 4 4 

1. 0 0 0 0 0 0 0 0 0  5 5 5  
6 6 6 6 6 

1 1 1 1 1 1 1 1  7 7 7 7 
8 8 8 

2 2 2 2 2 2 2 9 9 9 9 9  
2 0 0 0 Upper limit of normal 

3 3 3 
1 1  1 

4 Upper limit of normal 3 3 3 3  



Question 7 

a )  What kind of diagram i s  t h i s ?  

b) How would you i n t e r p r e t  the  r e s u l t s ?  

PART 7 

The follow-up medical s tudy 

Because of t he  apparent ly  h igh  prevalence of abnormal blood urea  n i t rogen  
(BUN) va lues  noted on t h e  i n i t i a l  sc reen ,  you suspec t  a prev ious ly  
unrecognized epidemic of lead  nephropathy. However, your co l leagues  po in t  out 
t h a t  RUN i s  a crude marker of reduced r e n a l  func t ion .  Because BUN i s  
increased  both by d i e t a r y  p r o t e i n  and by dehydration/haemoconcentration, t he  
observed va lues  may not be due t o  r e n a l  d i s e a s e .  I n  f a c t ,  they  might be 
explained by the  hot ,  d ry  occupat iona l  environment and r e s u l t a n t  dehydrat ion.  
Nei ther  does t h e  absence of observed i n c r e a s e s  i n  serum c r e a t i n i n e  shed l i g h t  
on t h i s  ques t ion ,  because the  small  i n c r e a s e s  i n  a n  i n d i v i d u a l ' s  serum 
c r e a t i n i n e  t h a t  accompany e a r l y  glomerular  d i s e a s e  a r e  obscured by t h e  l a r g e  
v a r i a b i l i t y  among hea l thy  ind iv idua l s .  

To complicate ma t t e r s ,  the  p re fe r r ed  technique f o r  eva lua t ing  glomerular 
dysfunct ion ,  measurement of c r e a t i n i n e  c l ea rance ,  i s  extremely d i f f i c u l t  t o  
o b t a i n  i n  a f i e l d  s e t t i n g .  

Question 8 

I f  you were i n t e r e s t e d  i n  f u r t h e r  a s se s s ing  t h e  r e l a t i o n  between lead  
exposure and r e n a l  dysfunct ion  i n  t h e s e  workers, how would you proceed? 

Desien and r e s u l t s  of the  a c t u a l  follow-UD s tudv  

I n  t h e  a c t u a l  hazard eva lua t ion ,  a second pre l iminary  survey w a s  conducted 
which i d e n t i f i e d  s i x  a d d i t i o n a l  workers wi th  BUN above 20 mg/dl. Then a n  
ex tens ive  c l i n i c a l  examination was conducted on those  workers (n-19) who had 
a n  e leva ted  BUN on e i t h e r  of the  two screening  t e s t s ,  p lu s  two o t h e r  workers 
whose blood va lues  had been normal, but who had received EDTA che la t ion .  The 
examination involved measurement of timed c r e a t i n i n e  c learance  and of u r ine  
osmola l i ty  i n  t h e  o f f i c e  of a l o c a l  nephro logis t  fol lowing water dep r iva t ion .  
I ts  purpose was t o  ob ta in  a d d i t i o n a l  c l i n i c a l  information on those  i d e n t i f i e d  
a s  p o t e n t i a l  cases .  The r e s u l t s  of t h e  s tudy  a r e  shown i n  Table X V I I I .  

Question 9 

\ h a t  do these  d a t a  t e l l  you? What i s  t h e  prevalence of low c r e a t i n i n e  
c l ea rance  i n  t h e  leadworkers? With what would you compare these  r e s u l t s ?  



0 Table XVIII. Results of renal fumtion tests, Missouri lead plant 1976. 

Subjects Age b a t i o n  of Blood lead Hyper- Creatinine Fasting urine No.of 
(yr) lead exposxe level B W  tension cleararret osmolalityH courses 

(F) (%/a)  (nlg/a) (ml/min/l. 73 m2) (msmol/li.tre) oral EYN* 
1 56 7 154 44 + 85 - 8 

* Arithnetic mm of duplicate deteminations in March and May 1976. 
* EUIIA, Ethylene Unetetraacet ic  acid chelation therapy. 
+ IrxlRr Umit of mnml=91 ml/mtn/l. 73 m2 (Poskanzer, 1983). 

fi- h e r  llmft. of nonml=80 mosn/litre. 



In an a t tempt  t o  use these  d a t a  ep idemiologica l ly ,  t he  au thors  of t h i s  
case-study attempted t o  examine t h e  r e l a t i o n  between lead exposure and t h e  
l e v e l  of r e n a l  dysfunct ion.  F igures  6  and 7 show t h e  s c a t t e r  diagrams 
p l o t t i n g  d u r a t i o n  of employment ve r sus  c r e a t i n i n e  c l ea rance  (Figure 6)  and 
versus  u r ine  osmola l i t y  (F igure  7) .  Beneath each f i g u r e  a r e  the  s lope ,  t and 
p  value of each l i n e a r  regress ion .  

Question 10 

a )  How does one a s s e s s  t he  " e f f e c t "  i n  t hese  l i n e a r  r eg re s s ion  formulae? 

b) How do you i n t e r p r e t  t hese  r e s u l t s ?  

c)  Row do you r econc i l e  t he  absence of a  convincing dose-response p a t t e r n  
with your c l i n i c a l  impression t h a t  many of t h e  c r e a t i n i n e  c learance  va lues  
a r e  lower than  one would expect i n  a  hea l thy  working populat ion? 



Figure 6 

Plot of creatinine clearance versus duration of employment. 

Creatinine 
clearance 
(ml/min/l. 73m2) 

Duration of employment 
(years) 

Regression of: - B - t p value 

1) Creatinine clearance on duration of employment -1.02 -2.55 0.1 < p 

2) Creatinine clearance on duration and age 

Duration of employment -0.79 -1.13 O . l < p  

Age -0.62 -0.94 0.1 < p 



Plot of urine osmolality versus duration of employment. 

Urine 
osnwlality 12001 
(mosmol/lit) X 

Duration of employment 
(years 1 

Regression of - B - t p value 

1) Urine osmolality on duration of employment -15.58 -2.18 0.01 < p ~0.05 

2)  Urine osmolality on duration and age 

Duration of employment -11.33 -1.43 0.1 < p 
Age - 8.60 -1.18 0.1 < p 



m Conclusion 

The present  hazard eva lua t ion  cons is ted  of two d i s t i n c t  phases.  The 
i n i t i a l  survey ( a c t u a l l y  two surveys)  succes s fu l ly  documented t h a t  excess ive  
lead exposure was occurr ing a t  the  p l a n t ,  and t h a t  t he  e x i s t i n g  programme of 
biol.ogica1 monitoring was inadequate .  It a l s o  showed what a  number of o t h e r  
c ros s - sec t iona l  s t u d i e s  have shown, t h a t  t he  d i s t r i b u t i o n  of blood urea  
n i t rogen  was s h i f t e d  upward i n  t h e  lead  workers r e l a t i v e  t o  t h e  genera l  
populat ion The follow-up c l i n i c a l  examination was designed t o  confirm 
d i sease  s t a t u s  on persons i d e n t i f i e d  a s  c a s e s  by t h e  i n i t i a l  surveys. While 
i t  achieved t h i s  end, it y ie lded  l e s s  epidemiological  information than  would 
a  s tudy of s i m i l a r  c o s t  and s i z e  aimed pure ly  a t  e t i o l o g i c a l  research.  Such 
a  s tudy would have se l ec t ed  s u b j e c t s  s o l e l y  on t h e  b a s i s  of exposure, and 
would have weighted membership towards t h e  two extremes of exposure, t h e  most 
h ighly  exposed and the  unexposed. 

The hazard eva lua t ion  i s  the  u l t ima te  i n  observa t iona l  epidemiology. 
Nature, r a t h e r  than  t h e  i n v e s t i g a t o r ,  has  designed t h e  experiment. Within 
these  c o n s t r a i n t s ,  the  i n v e s t i g a t o r  i s  f r e e  t o  choose the  goa l s  of t he  s tudy,  
s e l e c t  who should be included,  and t o  o b t a i n  information on exposure and 
d i sease .  Th i s  case  i s  intended t o  i l l u s t r a t e  t he  decision-making process  i n  
one such eva lua t ion .  

Several  important ques t ions  remain wi th  r e spec t  t o  occupat iona l  lead  
nephropathy. The most important i s  whether prolonged exposure t o  lead ,  even 
a t  l e v e l s  w i th in  the  cu r r en t  occupat ional  l i m i t ,  w i l l  damage t o  t he  human 
kidney. The present  hazard eva lua t ion  could not reso lve  t h i s  ques t ion ,  
because the  s tudy  populat ion was exposed a t  above the  cu r r en t  occupat iona l  
s tandard.  





INSTRUCTOR'S NOTES 
LEAD AND RENAL ABNORMALITIES 

This case-study illustrates a number of steps frequently involved in 
conducting a hazard evaluation. These include: 

1) The need to define the goals of the study at each successive stage. 
2) Assessing exposure using biological monitoring data. 
3) Evaluating the accuracy of biological monitoring data (using split 

samples, samples with known concentration, replicates within the same 
laboratory, etc.). 

4) Attempting to use cross-sectional survey data for research, as well as 
for public health "service" purposes. 

The case also provides an opportunity to discuss the health effects of 
lead, and the advantages of limiting exposure through engineering controls 
rather than personal protective devices. Two different analytical methods, 
appropriate for use in analyzing continuous data, are discussed briefly. 
Part 5 illustrates why a paired Student's t-test is preferable to an 
unpaired analysis when the data permit. Question 10 illustrates the use of 
linear regression. 

!!-%%er1 
Before visiting the plant, one needs additional information about (1) 

the nature of the problem, (2) the basis of concern (did it begin with the 
exposure, or with a cluster of unexplained disease), (3) the type of 
industrial process, (4) the number of workers in the plant overall and the 
number affected by this problem (either exposed or ill), and ( S )  the level 
of urgency with which a response is needed. 

Answer 2 
The immediate public health questions to be addressed are: 1) are the 

exposures to lead excessive? 2) are adverse health effects from lead 
detectable among current workers? 3) is the company contractor laboratory 
reliable? Since a great deal is already known about lead and its toxicity, 
these practical public health "service" questions should be addressed 
promptly. 

The options to consider are 1) to review company records, comparing the 
industrial hygiene data (air levels) already measured by the plant to 
existing legal standards, 2) to collect additional industrial hygiene 
measurements with which to verify company air measurements, 3) a survey of 
blood lead levels (the biological marker of absorption) to document 
excessive exposure 4) a cross-sectional medical survey measuring both 
markers of current exposure (air and blood lead) and measures of the known 
health effects of lead (erythrocyte protoporphyrin, haematocrit, symptoms of 
lead colic e t c . )  or 5) to embark on a sophisticated research study of some 
unanswered question regarding lead. 



Answer 3 
Respirators are uncomfortable, they restrict vision and prevent 

communication, and they require a rigorous programme of continuing education, 
testing, and maintenance to be effective. Furthermore, relying upon 
respirators means that only biological monitoring (blood lead levels) can be 
used to assess control. This has both practical and philosophical drawbacks. 
The practical limitations are 1) blood lead levels may be reduced by 
inappropriate medical practices (prophylactic chelation) or inappropriate 
administrative controls (laying off or rotating workers with high blood leads 
instead of controlling exposure); 2)  measurements done by the company 
laboratory might be inaccurate. 

The philosophical problem is that reliance on blood lead measurement tends 
to redirect attention away from the issue of exposure and towards the 
behavioural idiosyncracies of individual workers. Control of lead exposure 
should be accomplished at the source, through ventilation, enclosure, and 
where possible, substitution of less toxic substances. 

Answer 4 
These blood lead measurements clearly indicate excessive absorption of 

lead. Even in 1976, a blood lead level exceeding 80 ug/d1 was considered 
unacceptable. The OSHA 1978 Lead Standard made the criteria more stringent, 
requiring medical removal for any worker whose blood lead exceeded 50 ugldl. 
Medical removal was to be accompanied by retention of full pay. The blood 
levels observed here are indisputably too high, in that 31% of the population 
exceeds 80 ug/dl. (This is a good opportunity to discuss how one determines 
whether exposure is "excessive" or "acceptable". For example, legal standards 
may not exist, or they may be out of date because of recent information about 
toxicity or carcinogenicity. Thus other non-binding scientific 
recommendations and guidelines should be considered in determining whether an 
exposure is excessive.) 

Answer 5 
(a) In all samples except one, the company contractor's measurements were 

lower than the CDC approved laboratory (on average, 16% lower), suggesting 
that at least one of the laboratories was wrong. 

(b) Without a "gold standard", the company may remain unconvinced about which 
laboratory is correct. In analyzing lead samples, correctness is usually 
determined by consensus between laboratories with a proven level of 
proficiency, rather than by the use of "spiked" known samples. Another 
test of proficiency could involve the inclusion of replicate samples of 
the same specimen to assess reproducibility (analytic variability). This 
setting provides a good opportunity to discuss the reliability (in terms 
of accuracy and precision) of laboratory measurements. 

(C) The class may suggest using either a paired or an unpaired Student's 
t-test to assess the statistical significance of the differences between 
the groups. The former has two advantages. First, the variance is 
smaller, since the measurement of each sample is compared to a second 



measurement on the same sample. By reducing the influence of 
interindividual variability, the paired t-test yields a smaller p value 
(t8=-2.43, p less than 0.05) than does the unpaired analysis (t16" 
1.39, p greater than 0.01). (Note- Because the unpaired t-test requires 
that the variance of the two samples be equal, log transformation is used 
to reduce the variance and normalize the data.) 

Answer 6_ 
a) Reasons to conduct medical testing include: 1) employee concern about the 

extent to which the lead has affected individual workers; 2) the 
possibility that some workers may be symptomatic and may require immediate 
removal from lead exposure and therapeutic chelation; 3 )  documentation of 
the extent of lead-induced morbidity may provide incentive to the company 
to reduce exposures, and 4 )  the setting may provide an opportunity to 
examine some understudied or controversial issue in lead research. 

b) The major health effects of lead are haematological, neurological, and 
renal (Baker, et al. 1979). Lead blocks several enzymes involved in 
haemoglobin formation (causing anemia, basophilic stippling, and increased 
erythrocyte protoporphyrin, free erythrocyte porphyrin). Tests that are 
commonly measured under field settings include haemoglobin, haematocrit, 
free erythrocyte porphyrin, and less commonly, urinary 
delta-aminolevulinic acid. Although acute Lead poisoning in children 
causes encephalopathy, chronic overexposure in adults more typically 
causes a peripheral neuropathy. Sophisticated electrodiagnostic tests, 
such as nerve conduction velocities, have been used in field settings, but 
only in special research projects (Baker, et al. 1984). 

The renal effects of lead will be the subject of the remainder of this 
case, and are discussed below. 

Answer -7- 
(a) The so--called "stem--leafw diagram is a quick, simple way of constructing 

histograms in the field. It is also an easy way to sort unranked data, 
and to visualize a distribution (rotate counterclockwise). 

(b) Eleven workers (26%) had blood urea nitrogen levels above the laboratory 
upper limit of normal (20 ug/dl). One would expect only 2.5% in this 
upper tail, because the upper limit is defined as the 97.5th percentile. 
Even if these 11 workers were the only workers at the plant with an 
elevated BUN, these would still comprise 11 of 66 (17%) of the 
non-salaried workforce. No elevated serum creatinine levels (1.5 mg/dl 
and above) were seen. 

Answer 8 
How you proceed depends upon your goal. and on the resources available. If 

your goal is to confirm the existence of diminished renal function in the 
workers with elevated BUNS, you might arrange to have only these workers 
tested with more sophisticated measures of glomerular and tubular function at 
a local medical facility. This would be expensive and difficult, but would 
confirm the disease status in the cases. 



Alternatively, if your goal is to use a more sensitive and specific marker 
of renal dysfunction to examine the relation between lead exposure and loss of 
glomerular filtration rate, you will need to include subjects with the 
broadest range of exposure levels possible. This will require including 
unexposed, or less exposed workers in the additional testing. Note- such a 
study would be a major research project (see Goyer, 1968; Goyer, et al. 1968). 

Answer 9 

Compared to population "normals", eight of the 19 (42%) tested had a 
creatinine clearance below the value of 91 ml/min/l. 73 m2 of body surface 
area (a lower limit of 'normal' defined by Poskanzer (1983). Eight had 
diminished renal concentrating ability, i.e. urine osmolality of over 800 
mosmol/litre after an overnight fast. 

The difficulty is the provision of a suitable comparison group, however, 
the appropriate denominator in calculating prevalence is probably the original 
group of 42 workers sampled. Thus, the prevalence of low creatinine clearance 
is 8/42 (19%) rather than 8/19 (42'%), since the latter were selected for some 
evidence of renal dysfunction. Even without a good comparison group, these 
data suggest a high prevalence of renal abnormalities among the leadworkers. 
The evidence would be greatly strengthened if an unexposed occupational 
comparison group of similar age had been tested using the same methods. 

Answer 10 

a) In linear regression, the measure of effect is the slope. This is given 
by the regression coefficient, Beta. At issue is whether the slope is 
positive or negative, and whether it is significantly different from zero. 

) For both variables a weak negative relationship exists, such that with 
increasing duration of employment, renal function decreases. Duration of 
employment is a slightly better predictor of both creatinine clearance and 
urine osniolality than is age alone (a variable closely correlated with 
duration of employment, r = 0.34). In no case is duration of employment a 
statistically significant predictor when age is included in the model. 
(Note- The urine osmolality data contain two outlying data points, which 
strongly influence the observed regression slope). 

C) The best answer is that the tested group represents a selected subset of 
the plant population. The subjects of this follow-up study were not 
selected for the purposes of etiological research, but rather, because 
they had been identified as probable cases by the initial screening. They 
were chosen for further study on the basis of disease status, rather than 
exposure. This sampling scheme is useful for confirming the disease 
status of these cases, but will exclude subjects with low exposure, if 
lead exposure and renal disease are correlated. In addition, many of the 
heavily exposed, long-term workers refused to participate in even the 
initial screening tests. Thus, the combination of practical constraints 
and the non-research, or service goals of this part of the study may have 
biased the data towards underestimating the effects of lead. 
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WASHINGTON SURVEILLANCE PROGRAMME 

ARSENIC EXPERIENCE -- A CASE STUDY* 

In t roduc t ion  

PART 1 

Many c o u n t r i e s  c o l l e c t  and t a b u l a t e  v i t a l  s t a t i s t i c s  inc lud ing  the  d a t a  
der ived  from dea th  c e r t i f i c a t e s .  This  example shows how such d a t a  may be 
used. I n  1974, a n  ep idemiologis t  working i n  t h e  Washington S t a t e  Heal th  
Department i n  Olympia, Washington, USA sought t o  use such d a t a  f o r  t h e  
s u r v e i l l a n c e  of occupat iona l  d i s e a s e  (Milham, 1376).  I n  t h i s  p a r t i c u l a r  
con tex t ,  t h e  d e c i s i o n  was a l s o  made t o  u t i l i z e  a v a i l a b l e  occupat iona l  
in format ion  on t h e  dea th  c e r t i f i c a t e s .  Th i s  d e c i s i o n  was based on a  number of 
f a c t s :  

1. Over 97% of a d u l t  male dea th  c e r t i f i c a t e s  contained occupat iona l  
s ta tements .  

2 .  In te rv iews  wi th  next of k i n  i nd i ca t ed  t h a t  t he  dea th  c e r t i f i c a t e  
occupat iona l  s ta tement  was i d e n t i c a l  t o  t h a t  obtained by in t e rv i ew  i n  75% 
of ca se s  and gave a  r e l a t e d  occupat ion i n  10% of ca se s  (Pe t e r sen  & Milham, 
1974).  

3 .  Case-control s t u d i e s  had shown t h a t  t he  occupat iona l  s ta tement  on t h e  
dea th  c e r t i f i c a t e s  were u s e f u l  (Milham & Hesser ,  1967; Milham, 1971). 

The coding of occupat ion i s  a c r i t i c a l  s t e p  i n  t h i s  type of a n a l y s i s .  
The US Census Bureau occupat ion code (Government P r i n t i n g  Of f i ce ,  1960) was 
used wi th  a d d i t i o n s  t o  handle i n d u s t r i e s  and occupat ions common t o  t he  S t a t e  
of Washington o r  of s p e c i a l  i n t e r e s t ,  i . e . ,  codes were added f o r  many wood 
products  i ndus t ry  jobs,  f o r  t he  aluminum i n d u s t r y ,  t h e  Boeing Company, t h e  
Hanford works (a  Department of Energy nuc lear  f a c i l i t y ) ,  e t c .  

The occupat iona l  and i n d u s t r i a l  s ta tement  on a  dea th  c e r t i f i c a t e  r e q u i r e s  
completion of t h e  fol lowing informat ion :  s o c i a l  s e c u r i t y  number, usua l  
occupat ion (g ive  kind of work done during most of the  working l i f e ,  even i f  
r e t i r e d ) ,  kind of business  o r  i ndus t ry ,  add re s s ,  res idence  wi th in  c i t y  
l i m i t s ,  A l l  t h e  occupat ions t h a t  appear on dea th  c e r t i f i c a t e s  can be coded by 
occupat ion and indus t ry .  The fol lowing l i s t  i s  an  example of t h e  occupat iona l  
codes and on t h e  next page an example i s  g iven  of t h e  occupat ional  coding on 
dea th  c e r t i f i c a t e s .  

* By San Milham, la83;  r ev i sed  1985. 



Example: Modified Census Bureau Code f o r  Occupation 

OPERATIVES continued 
CODE NUMBER OCCUPATION 

712 s t a t i o n a r y  fireman 
r a i l r o a d  switchmen 
t a x i c a b  d r i v e r s  and chauffeurs  
t r u c k  and t r a c t o r  d r i v e r s  
f u e l  o i l  t r uck  d r i v e r s  
sawmill t rucke r s  
lumber and logging t ruck  d r i v e r s  
moving-transfer-storage, workers and t r u c k  d r i v e r s  
weavers, t e x t i l e  
welders  and f lame-cut ters  
ope ra t ives  and kindred workers NEC 
Fores t ry  Serv ice ,  Parks,  e t c . ;  lookout ,  game dept .  

t r e e  farmers 
s a n d b l a s t e r s  
ordinance p l an t  workers 

workers,  

SERVICE WORKERS except  p r i v a t e  household 

a t t e n d a n t s ,  h o s p i t a l  and i n s t i t u t i o n s  
nursing home, convalescent  c t r . ,  h o s p i t a l  managers, owners, e t c .  
a t t e n d a n t s ,  p ro fe s s iona l  and personal  s e r v i c e  NEC 
a t t e n d a n t s ,  r e c r e a t i o n  and amusement(cardroom, poo lha l l ,  c a r n i v a l  
barbers  
bar tenders  
c o c k t a i l  bars ,  tavern--owners, ope ra to r s ,  workers NEC 
r e s t a u r a n t  and c a f e  owners, ope ra to r s ,  workers,  managers 
brewery workers 
h o t e l ,  motel,  r e s o r t ,  apartment house, dude ranch; owners, 

managers, e t c .  
boot b lacks  o r  shoe sh ine  ope ra to r s  
boarding and lodging house keepers  
charwomen and c l eane r s  
cooks, candy makers, che f s  (except  p r i v a t e  household) 
dishwashers 
lumber camp cooks 
counter  and foun ta in  workers 
e l e v a t o r  ope ra to r s  



Occupational information was coded on the death certificates for all 
residents of Washington State, age 20 and over, who died between 1950 and 
1979. The following table is an example of occupational coding of information 
on death certificates. 

Death certificate Occupational code: 
Numbe r : Name : Job : 

07162 KENDALL STEPHEN E Fiberboard products 500 

07167 BUCHANAN ROBERT D Carpenter/Various 411 

07171 DPAGER DONALD G Logger/St. Regis Paper Company 970 

07172 JOHNSON STEVEN C None 999 

07174 SMITH LAWRENCE So1dierlu.S. Army 552 

071 75 VOS SEN WERNER F Carpenter/Carpentry 41 1 

07176 HACKETT THOMAS J Weigh master/American Smelting 435 

071 79 HARTMAN FLOYD W Carpenter/Construction 441 

07180 MARTIN THOMAS A Forklift operator/Ltimber company 974 

07181 RAFFERTY JAMES E Laborer /Mist . 
07183 HUBER JAMES J Soldier/U.S.Army 552 

07184 MERZ ANDRE W Longshoreman/Longshoring 965 

07185 WEHN PETER J Laborer/Smelter 435 

07186 BROCK JAMES W Blacksmith/Self 402 

07188 ADAMS NORMM H Non-commissioned ~fficer/U.S. Army 552 

07193 CRILLY ROY F Laborer 

07194 ERNST JACOB K Plasterer/Union 

Question 1 

The available data consisted of 310 000 death records. Given this 
resource, what type of analysis would you use to identify occupations at high 
risk of specific causes of death in Washington State? 



H 4 
Part 2 

The investigator chose to use a proportional mortality analysis. The 
approach was first tested by noting how well the method could detect 
previously known associations between exposures and disease. Miners have an 
increased mortality due to both silicosis and tuberculosis because of silica 
exposure; asbestos workers have a lung cancer increase, because of asbestos 
exposure: 

PROPORTIONATE MORTALITY RATIOS. WASHINGTON STATE. 1950-1979 

Deaths 
Occupation Exposure Disease Observed Expected PMR 

Miners Silica Tuberculosis 74 
Silicosis 42 

Asbestos Workers Asbestos Lung Cancer 2 0 5 410** 

Table XIX presents the proportionate mortality ratios for Washington State 
smelter workers. 

Table XIX. Proportionate Mortality Ratios 
Washington State, 1950-1979. 

Smelter Workers 

Deaths 
Cause of Death 7th ICD Observed Expected PMR 

Malignant Neoplasm 162.1.163 83 5 0 16 7** 
of Bronchus and Lung 

**p < 0.01 

Tables XXA and XXB present the methods for computing both proportionate 
mortality ratios and standardized mortality ratios. 

Questions 2 

a) How would you interpret this finding? What would be your next step in an 
investigation of this problem? 

b) In general, what is the use of a surveillance analysis of this type? 

c) What are the strengths and weakness of a PMR analysis? 



Table XX A. Computation of s tandard ized  m o r t a l i t y  r a t i o s  f o r  
t u b e r c u l o s i s ,  a l l  forms, f o r  whi te  miners:  USA, 1950. 

Standardized m o r t a l i t y  r a t i o  
= Tabulated dea ths  f o r  an  occupation-cause-colour group X 100 

Expected dea ths  f o r  an  occupation-cause-colour group 

Estimated Death r a t e  Expected Tabulated o r  
popula t ion  ( p e r  100 000 dea ths  from observed dea ths  

of whi te  popula t ion)  t u b e r c u l o s i s ,  from 
Age miners f o r  a l l  forms, t u b e r c u l o s i s ,  

(Popula t ion  t u b e r c u l o s i s ,  f o r  white  a l l  forms, f o r  
a t  r i s k )  a l l  forms, f o r  miners whi te  miners 

a l l  males i n  
t h i s  s tudy 

( 1  1 (4 )  
20-24 yea r s  74 598 12.26 9.14 1 0  
25-29 yea r s  
30-34 yea r s  
35-44 yea r s  
45-54 yea r s  
55-59 yea r s  
60-64 yea r s  
To ta l  : 

25-59 yea r s  
20-64 yea r s  

Standardized 
m o r t a l i t y  r a t i o  

Table XX B. Computation of p ropor t i ona t e  m o r t a l i t y  r a t i o s  f o r  
t u b e r c u l o s i s ,  a l l  forms, f o r  white  miners:  USA, 1950. 

Proport ionage m o r t a l i t y  r a t i o  
= Tabulated dea ths  f o r  an occupation-cause-colour group 

Expected dea ths  f o r  an  occupation-cause-colour group X 100 
l 

Percentage Expected dea ths  Tabulated 
t u b e r c u l o s i s  Deaths from from tubercu- dea ths  from 

Age dea ths  of a l l  a l l .  causes  f o r  l o s i s ,  a l l  t u b e r c u l o s i s ,  
dea ths  a l l  white  miners forms, f o r  a1 l forms, f o r  

occupat ions white  miners white  miners 
(1)  (2 ) (3 )  = (1)x(2)  (4 )  

20-24 yea r s  6.28 292 18.34 10  

30-34 yea r s  9.01 
35-44 yea r s  7.78 
45-54 yea r s  5.19 
55-59 years  3.68 
60-64 yea r s  2.77 
To ta l  : 

25-59 yea r s  ... ... 295.32 426 
20-64 yea r s  ... ... 370.47 540 

'Proport iona t  e 42 6 34U - - 
m o r t a l i t y  r a t i o  25-59 years=295 X 100-146 20-64 years-370 X 100=144 



I n  a c t u a l  f a c t  t he  i n v e s t i g a t o r s  knew t h a t  t h e r e  was on ly  one p a r t i c u l a r  
sme l t e r  (of copper) i n  Washington S t a t e ,  where s u b s t a n t i a l  exposure t o  a r s e n i c  
occurred.  They a l s o  learned  t h a t  a  s tudy  on t h e  m o r t a l i t y  of t he se  workers 
had been conducted by P in to  and Bennett  i n  1963 of which an  excerp t  i s  g iven  
below: 

Deaths 
Non-arsenic exposure Arsenic  exposure 

Cause of Death Observed Expected Observed Expected 

Cancer of lung 1 5  7.2 3 1.4 

Commenting on these  f i g u r e s  above, the  au tho r s  of t h e  s tudy  wrote  "This  
comparison shows t h a t  t h e r e  were a  few more dea ths  i n  t h e  a r s e n i c  exposed 
r e s p i r a t o r y  cancer  group than were t o  be expected by c a l c u l a t i o n ,  and f u r t h e r  
s tudy  of t h e s e  c a s e s  i s  cont inu ing .  A t  p r e sen t ,  we can say  t h a t  a r s e n i c  
t r i o x i d e  was not  one of t he  p o s s i b l e  e x t e r n a l  f a c t o r s  a s soc i a t ed  w i th  t h i s  
problem. " 

Two o t h e r  p i e c e s  of in format ion  a r e  a v a i l a b l e  from t h i s  paper:  

- I n  t h e  smelter workers,  lung cancer  caused 1 5  d e a t h s  (42%) of a l l  43 
cancer  dea ths ,  whereas f o r  t h e  S t a t e  ou t  of 2184 dea ths  due t o  a l l  t ypes  
of cancer ,  518 (24%) were due t o  lung cancer ;  and 

- Those employees not exposed t o  a r s e n i c  had an  average u r i n a r y  exc re to ry  
va lue  of 0.13 mg A s 1 1  of u r i n e ,  whereas t h e  exposed employees had an  
average u r i n a r y  a r s e n i c  of 0.82 mg/l ( P i n t o  C Bennet t ,  1963). 

Normal u r i n a r y  a r s e n i c  l e v e l s  have va r i ed  from s tudy  t o  s tudy ,  but a  s tudy 
conducted by t h e  Nat iona l  Cancer I n s t i t u t e  (Lee & Fraumeni, 1969) found 
unexposed people t o  have l e v e l s  of a r s e n i c  i n  u r i n e  averaging 0.0145 mg/l. 

Question 3 

Do you ag ree  wi th  D r .  P i n t o  and Rennett  i n  t h e i r  assessment of t h e  da t a?  

PART 4 

Subsequent t o  t he  p u b l i c a t i o n  of t he  Washington S t a t e  p ropor t i ona l  
m o r t a l i t y  r a t e  (PMR) s tudy ,  t h e  Tacoma sme l t e r  h i r ed  an  o u t s i d e  c o n s u l t a n t  t o  
have another  look a t  t h e i r  worker m o r t a l i t y .  A more recent  s tudy  a t  t h e  
Tacoma smel te r  showed a  c l e a r l y  increased  m o r t a l i t y  due t o  lung cancer  and a n  
i nc rease  i n  s tandard ized  m o r t a l i t y  r a t i o s  (SMR) w i th  a  time-weighted a r s e n i c  
exposure lndex  (P in to ,  e t  a l .  1978). 



m Other copper smel te r  worker popula t ions  i n  Japan, Sweden and t h e  USA a l s o  
showed a  lung cancer  i n c r e a s e .  These included a  s tudy  a t  a  smel te r  a t  
Anaconda, Montana, USA. This  is  an  example from a  s tudy  by Lee and Fraumeni 
which was publ ished i n  1969. 

Observed and expected r e s p i r a t o r y  cancer  dea ths  and 
s tandard ized  m o r t a l i t y  r a t i o s  by a r s e n i c  exposure index 

Resp i r a to ry  cancer  dea ths  
Exposure Index Mean Index No. of men Observed Expected SMR 

Under 2000 1514 36 l 0.9 111.1 
2000-2 99 9  2513 109 4 2 .1  190.5 
3000-5999 4 31 7  205 11 3.9 282.0* 
6000-8999 7473 109 7  2.3 304.3* 
9000-11999 10135 3  8 4  0.7 571.4" 
12000 and over  14712 2  9  5 0.6 833.3* 

*p less than  0.05 

m Question 4 

I n  view of t he  information presen ted  i n  Table XX above, how va luab le  would 
you cons ider  t h e  PMR approach i n  Washington S t a t e ?  Note t h a t  t h e  f i n d i n g  
about t he  smel te r  workers was one among many o t h e r  f i n d i n g s  i n  t h e  
surveillance-PMR study.  

PART 5 

Since copper smel te r  workers a r e  exposed t o  s u l f u r  d iox ide  (S02) and 
o t h e r  d u s t s ,  i t  i s  d i f f i c u l t  t o  i nc r imina t e  a r s e n i c  t r i o x i d e  a lone  a s  t h e  
r e spons ib l e  carcinogen.  I n  copper smel te r  environments,  S02, m e t a l l i c  
d u s t s  and fumes, and a r s e n i c  t r i o x i d e  a r e  s t r o n g l y  c o r r e l a t e d ,  t h a t  i s ,  high 
l e v e l s  of a r s e n i c  t r i o x i d e  a r e  o r d i n a r i l y  found along wi th  h igh  l e v e l s  of 
S02 and o t h e r  d u s t s .  

Arsenic t r i o x i d e  i s  used a s  one of t h e  s t a r t i n g  chemicals f o r  t h e  
product ion of a r s e n i c a l  i n s e c t i c i d e s .  A 1974 s tudy  a t  Dow Chemical Company 
among i n s e c t i c i d e  manufacturers  showed a  p o s i t i v e  lung cance r l a r sen i c  
r e l a t i o n s h i p  ( O t t ,  e t  a l .  1974),  a  B r i t i s h  s tudy  ( H i l l  & Faning, 1948) and one 
done i n  Baltimore (Mabuchi, e t  a l .  1979) supported t he se  f i nd ings .  



Based on t h e  f i r s t  s tudy of smel te r  workers i n  Uashington s t a t e ,  descr ibed  
i n  Pa r t  3, t h e  a r s e n i c  8-hour t ime weighted average (TWA) worker exposure 
s tandard  was s e t  a t  500 ug/m3 of a i r .  Note a l s o  t h a t  animal experiments on 
a r s e n i c  and cancer  had not shown any e f f e c t  so  f a r  ( r e c e n t l y  t h e r e  has  been 
some experimental evidence) .  With epidemiology p o s i t i v e  and animal 
experiments inconclus ive ,  t h e  s i t u a t i o n  was r a t h e r  p a r a l l e l  t o  t h e  e a r l y  days 
of eva lua t ing  the  r e l a t i o n s h i p  of c i g a r e t t e  smoking and lung cancer .  With the  
accumulation of evidence from t h e  above s t u d i e s ,  OSHA lowered t h e  a r s e n i c  
s tandard t o  10 ug/m3 of a i r  on an  8-hour TWA. 

A sampling of a r s e n i c  i n  a i r  a t  t h e  Tacoma sme l t e r  i n  1979 from a 
pub l i ca t ion  by Cant and Legendre i n  1982, i s  reproduced a s  Table XXI. 

Question 5 

How we l l  does t he  Tacoma smel te r  do i n  meeting the  cu r r en t  10  
microgram/m3 OSHA s tandard? 

Worker p r o t e c t i o n  is  attempted through t h e  use of r e s p i r a t o r s .  

Question 6 

How could you check t o  s ee  i f  t he  r e s p i r a t o r s  were being used o r  were 
doing t h e  job? 



Table XXI. Airborne inorganic  a r s e n i c  (As) l e v e l s  measured 
a s  brea th ing  zone time-weighted averages* 

- 
Department N A s  concen t r a t i on  - ug/m3 

Range X S 

Yard, mobile 11 0.3-80 12.4 23.0 
equipment 
t r a c k  personnel  

Crushing, sampling 2 8 1.5-110 13 .1  20.4 
and mar t i n  m i l l  

Herreshoff r o a s t e r s  4 2 nd-820 169.5 195.4 

Reverberatory 
furnace  

Converters  

Anode fu rnaces  9 

Refinery 1 5  

Refinery by-products 5 

Nickel  p l a n t  

Arsenic p l a n t  

S02/Acid p l an t  4 5-280 76.3 135.9 

Ydin c o t t r e l l  1 0  nd-6933 1162.7 2170.8 

Bo i l e r  room/power 1 5  1-160 61.6 51.6 
p1 an t  

Maintenance 7 2 0.7-5310 108.3 624.2 

M = number of samples; X = mean; s = s tandard  dev ia t i on ;  
ug/m3 = micrograms pe r  cubic  metre of a i r ;  nd = non-detectable 
( <0.1 ug/m3). 

Conclusion 

The Washington S t a t e  dea th  record occupat iona l  m o r t a l i t y  s u r v e i l l a n c e  
programme a l s o  picked up panc rea t i c  cancer ,  Zeukemia/lymphoma, and emphysema 
i n  aluminum reduc t ion  p l an t  workers and panc rea t i c  cancers  and m u l t i p l e  
myeloma i n  workers a t  t h e  Hanford works nuc lear  f a c j - l i t y .  Some of t h e s e  
f i n d i n g s  have been s u b s t a n t i a t e d  i n  popula t ion  based SMR s t u d i e s .  

m %source - Cant, S.M., & Legendre, L.A.,  1982. 





INSTRUCTORS ' NOTES 
WASHINGTON SURVEILLANCE PROGRAMME 

ARSENIC EXPERIENCE-A CASE STUDY 

In t roduc t ion  
The o b j e c t i v e s  of t h i s  case  a r e  1 )  t o  in t roduce  t h e  p ropor t iona te  

m o r t a l i t y  s tudy ,  2) t o  in t roduce  t h e  concept of s ta te-based s u r v e i l l a n c e  
systems based on information c o l l e c t e d  by departments of v i t a l  s t a t i s t i c s  and 
3)  t o  r e l a t e  t h e  r o l e  of epidemiology t o  s tandard  s e t t i n g .  

PART 1 

Answer 1 
E s s e n t i a l l y  we have a v a i l a b l e  information on cause of dea th ,  occupat ion 

and employer, and demographic information on a l l  decedants  i n  t h e  S t a t e  of 
Washington. We do not have l i s t s  of pas t  employees from any company, nor  do 
we have informat ion  on i n d i v i d u a l s  who used t o  l i v e  i n  t h e  S t a t e  but migrated 
out .  

Two opt ions  f o r  s tudy des ign  a r e  a v a i l a b l e :  we could conduct p ropor t iona te  
m o r t a l i t y  r a t i o s  (PMR) by occupat ion and i n d u s t r y  looking f o r  d i s e a s e s  i n  
excess  o r  a l t e r n a t e l y ,  i f  we knew which d i s e a s e s  were of i n t e r e s t  we could 
conduct case  c o n t r o l  s t u d i e s  looking f o r  occupat ions o r  employers t h a t  appear  
i n  excess.  The two des igns  a r e  complimentary. 

Answer 2  
a )  Table XX should be gone over c a r e f u l l y  with t h e  group. I n  Table XX A, t o  

c a l c u l a t e  t h e  s tandardized m o r t a l i t y  r a t i o s  (SMR), t h e  est imated 
populat ion of white  miners (popula t ion  a t  r i s k )  (1 )  i s  mul t ip l i ed  by the  
age-spec i f ic  dea th  r a t e  (from t h e  US V i t a l  S t a t i s t i c s )  (2 )  t o  g ive  
expected dea ths  ( 3 ) ;  expected dea ths  a r e  then  independently summed. Note 
t h a t  t h e  computation of SMR r e q u i r e s  c h a r a c t e r i z i n g  a  populat ion a t  r i s k  
and a p p l i c a t i o n  of dea th  r a t e s .  

I n  Table XX B ,  t he  PMR i s  ca l cu la t ed  by mul t ip ly ing  the  propor t ion  of 
t ube rcu los i s  dea ths  of a l l  dea ths  ( 1 )  by t h e  t o t a l  dea ths  i n  whi te  miners 
( 2 )  t o  g e t  expected dea ths  ( 3 ) .  PMR i s  then  ca l cu la t ed  l i k e  the  SMR 
above. Note t h a t  t h e  a l l  causes PMR i s  100 (by d e f i n i t i o n )  and t h a t  t h e  
malignant neoplasms of r e s p i r a t o r y  and o t h e r  i n t r a t h o r a r i c  organs r u b r i c s  
ICD160-165 (WHO, 1977) have s i g n i f i c a n t  PMR inc reases .  

b) This  ques t ion  should r a i s e  t h e  i s s u e  of t he  r o l e  of su rve i l l ance .  
Su rve i l l ance  i s  t h e  c o l l e c t i o n ,  a n a l y s i s ,  and use of information f o r  t h e  
prevent ion of d i sease .  The use of a  s u r v e i l l a n c e  system a s  devised,  
(Milham 1976) i s  t o  i d e n t i f y  h igh  r i s k  occupat ions and i n d u s t r i e s  i n  a 
s t a t e  i n  o rde r  t h a t  preventable  occupat iona l  d i seases  can be i d e n t i f i e d  

a and prevented. 



c )  Weaknesses 

1. The PMR i s  a summary s t a t i s t i c .  There may be t r ends  o r  p a t t e r n s  i n  t h e  
age-spec i f ic  m o r t a l i t y  r a t i o s  t h a t  a r e  l o s t  i n  t h e  summary PMR f o r  a l l  
ages. An example of age t r e n d s  among ca rpen te r s  of Hodgkin's d i s e a s e  may 
be found i n  Pe tersen  and Milham (1974). 

2. The a l l  causes  PMR has t o  be 100. It t h e r e f o r e  says  nothing about t o t a l  
f o r c e  of mor t a l i t y .  The o v e r a l l  m o r t a l i t y  hypo the t i ca l ly  could be i n  
excess ,  but t h e  d i s t r i b u t i o n  among d i s e a s e  would not be d i f f e r e n t  from t h e  
r e f e r e n t  population. 

3. Since the  sum of cause s p e c i f i c  PMRs i s  100, a  cause of dea th  which has a  
very h igh  o r  low PMR can cause o t h e r  PMRs t o  be a r t i f i c i a l l y  h igh  o r  low. 

S t r eng ths  

1. Expected dea ths  a r e  based on i d e n t i c a l  occupat iona l  d e f i n i t i o n s  i n  a l l  
o t h e r  occupations. By c o n t r a s t ,  i n  SMRs done by t h e  R e g i s t r a r  General of 
England and Wales and by Guralnick wi th  t h e  US d a t a ,  the  occupat iona l  
s ta tement  on t h e  dea th  c e r t i f i c a t e  "usual  occupation" i s  r e l a t e d  t o  a  
census count of occupation, which i s  t h e  cu r r en t  occupation on census 
day. Therefore,  t h e  ca se  d e f i n i t i o n  of occupat ion der ived  from t h e  dea th  
c e r t i f i c a t e  is  not t he  same a s  t h e  populat ion a s  r i s k  d e f i n i t i o n  of 
occupat ion der ived  from t h e  census. 

2. I n  t h i s  case ,  the  PMR a n a l y s i s  covers  a l l  dea ths  i n  t he  populat ion so  
t h e r e  a r e  no problems with c o n t r o l  s e l e c t i o n .  

3. Empir ica l ly ,  PMR r e s u l t s  a r e  almost always p a r a l l e l  t o  r e s u l t s  obtained by 
SMR methods, p a r t i c u l a r l y  when t h e r e  i s  complete ascertainment  of dea ths .  

4. PMR i s  f a s t  and easy and w i l l  almost always r evea l  a problem i f  one e x i s t s .  

PART 3 

Answer 3 
P i n t o  and Bennett i n  t h e i r  1963 s tudy  apparent ly  dismissed any a s s o c i a t i o n  

of a r s e n i c  and lung cancer ,  because a  s i m i l a r  excess  was observed i n  employees 
who d id  not have a r s e n i c  exposure. For example t h e  excess  i n  both a r e a s  might 
be a t t r i b u t e d  t o  some f a c t o r  common t o  both segments of t h i s  popula t ion  such 
a s  smoking c i g a r e t t e s ;  on t h e  o the r  hand, t o  have a  two-fold excess  i n  lung 
cancer  would r e q u i r e  t h e  popula t ion  t o  smoke s u b s t a n t i a l l y  more than  t h e  
gene ra l  popula t ion  who a l r eady  smokes c i g a r e t t e s  a  g r e a t  dea l .  Equally 
p o s s i b l e  i s  m i s s c l a s s i f i c a t i o n ,  so  t h a t  t h e  non-exposed d id  i n  f a c t  work wi th  
a r s e n i c ,  o r  have l o c a l  environmental exposure i n  the  p l an t  such t h a t  t he  work 
records d id  not adequately r e f l e c t  those  environmental exposures w i t h i n  t h e  
p l an t .  The s t u d e n t s  may suggest o the r  explana t ions .  I n  any case ,  t h e  
o r i g i n a l  au thors  seem too  d e f i n i t i v e  i n  t h e i r  d i smis sa l  of a r s e n i c .  



PART 4 

Answer 4 

Publ ic  h e a l t h  workers have learned  t h a t  t h e r e  must be a  t a r g e t i n g  of 
prevent ive  resources i n  o rde r  t o  conquer pub l i c  h e a l t h  problems. An important  
example from t h e  conquest of smallpox i s  t h e  use of s u r v e i l l a n c e  t o  d e t e c t  
ca ses  and then  t a r g e t i n g  immunization programmes. S imi l a r ly  wi th  occupat iona l  
d i s e a s e s ,  one must i d e n t i f y  s p e c i f i c  problems and t a r g e t  t hese  problems f o r  
e f f e c t i v e  in t e rven t ion .  The State-based PMR approach appears  t o  be one 
poss ib l e  mechanism f o r  d e t e c t i n g  problems. 

PART 5 

Answer 5 

Very badly indeed. Only the  n i c k e l  p l a n t  and t h e  r e f i n e r y  met t he  
s tandard  . 
Answer 6 

Take a  look a t  the  u r ina ry  a r s e n i c  l e v e l s  i n  workers. Workers who do not 
wear t h e i r  r e s p i r a t o r s  o r  who have a  bad f i t  w i l l  i n h a l e ,  absorb and exc re t e  
a r s e n i c  i n  ur ine .  
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MALE OCCUPATIONAL REPRODUCTIVE DISEASE* 

PART 1 

A chemical company employing 300 persons produced o r  formulated ammonia 
phosphate f e r t i l i z e r s ,  and va r ious  p e s t i c i d e s .  The p e s t i c i d e  product ion was 
divided i n t o  two a reas :  t h e  Agr i cu l tu ra l  Chemical Div is ion  (ACD) f o r  
commercial use and Best Products f o r  household use. For sometime i t  was 
rumored among the  workers t h a t  the  male employee i n  AC-D could not f a t h e r  
c h i l d r e n  a f t e r  working the re .  D r  M.D. Whorton was i n v i t e d  t o  eva lua t e  t h i s  
s i t u a t i o n  by t h e  union and agreed upon by the  company. I n  J u l y  1977, f i v e  men 
volunteered f o r  i nves t iga t ion .  D r  Whorton saw t h e  men, obtained a  
comprehensive medical h i s t o r y ,  made a phys i ca l  examination and l abo ra to ry  
t e s t s  and each man provided a  f r e s h  semen sample ( a f t e r  abs t a in ing  from 
e j a c u l a t i o n  f o r  72 hours)  f o r  examination. Four men were azoospermic ( ze ro  
sperm count ) ;  while  one was s e v e r l y  ol igospermic ( 1  X 106 sperm c e l l s  /m1 of 
semen); a l l  f i v e  had e leva ted  semen f o l l i c l e - s t i m u l a t i n g  hormone (FSH) and 
l eu t en iz ing  hormone (LH) l e v e l s .  A l l  o t h e r  r e l e v a n t  l abo ra to ry  t e s t s  were 
normal and t h e r e  were no s p e c i f i c  phys ica l  f i nd ings .  A l l  had f a the red  
c h t l d r e n  p r i o r  t o  working i n  t h e  ACD. A l l  were eva lua ted  by a  u r o l o g i s t ,  
confirming the  c l i n i c a l  d iagnos is  of azoospermia and severe ol igospermia 

Question 1 
What a r e  the  known causes of azoospermia and oligospermia? 

Question 2 
How do you i n t e r p r e t  t he  e leva ted  semen FSH and LH r e s u l t s ?  

Question 3 
How would you f u r t h e r  i n v e s t i g a t e  t h i s  i n i t i a l  observa t ion  of azoospermia 

and ol igospermia among t h e  f i v e  vo lun tee r s?  

PART 2 
A l l  t h e  31 remaining workers i n  t he  ACD s e c t i o n  were examined on s i m i l a r  

l i n e s  t o  t h e  o r i g i n a l  f i v e  workers. The l1 men wi th  vasectomies completed a l l  
t h e  examination except semen a n a l y s i s .  Data according t o  du ra t ion  of work i n  
t h e  ACD s e c t i o n  i s  shown i n  Table X X I I .  

Question 4 
Is t h e r e  a  r e l a t i o n s h i p  between exposure and sperm count ,  FSH, LH, 

t e s t o s t e r o n e ?  

* By M.D. Whorton, 1983. 
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Table XXIII. Results of laboratory and semen examination among 25 workers 
according to duration of exposure in the Agricultural Chemical Division 

Mean 
duration 

Sperm o f Mean Mean 
count exposure Meanage sperrncount Mean Mean testo- 

Group X 106 (years) Number (years) X 106/ml FSH LH sterorle 

The difference in sperm count between group A and C was significant at 
p<0.001. The difference in sperm count between group B and C was significant 
at pc0.01 

There were only three women workers in ACD, two were secretaries and one 
had been a production worker for one month. 

a Question 5 

What are your comments on the procedure to examine all workers in ACD; is 
it necessary? 

What further evaluation might you have requested on the men? 

Question 7 

What sperm count level would you use to classify a man as normal or 
abnormal? 

Question 8 

What further information may you request from the three female workers? 

PART 4 

Offers to ten men were made for bilateral testicular biopsies with the use 
of general anesthesia. They were selected to represent different durations of 
potential exposure. The following is the summary of the clinical and semen 
results for the ten men. 



Table XXIV Analysis  of d a t a  of t e n  men examined wi th  t e s t i c u l a r  biopsy 

DBCP Examination of sperm T e s t i c u l a r  Age of Las t  

Man Age ( y r )  Count* M o t i l i t y  Morphology spermatogenesis c h i l d  ( y r s )  
1 26 0.25 5 4 normal normal 4+ none 
2 30 1.75 va S -- 3+ 4 -- 
3 26 3 . 5 e x p  190 normal normal 3+ wife  preg. 

3.0 none 
4 29 1.0 11 normal 8% normal 2+ 5 
5 53 l a b  1 h r /  23 reduced normal 2+ 2 1 

day X 7 
6 28 3.5 va S -- l+ 4 -- 
7 24 3.0, abs .  l reduced normal l+ 3 

1 0  mos. 
8 35 2 , a b s 2 ,  0 -- -- l+ none 

then  3 
9 37 10.5 0 -- 0 11 -- 

1 0  3 9 - 1 0 . 0  0 -- -- 0 11 
* ( X  l ob  c e l l s )  

The p r i n c i p a l  h i s t o l o g i c a l  f i n d i n g s  were r e l a t e d  t o  spermatogenic 
a c t i v i t y .  The t e n  b i o p s i e s  n a t u r a l l y  tended t o  s e p a r a t e  i n t o  t h r e e  
c a t e g o r i e s .  The f i r s t  was comprised of specimens w i th  normal o r  s l i g h t l y  
decreased sperm formation ( p a t i e n t s  1 t o  3 ) .  I n  t h i s  group, t h e  morphology of 
germ c e l l s  and S e r t o l i  c e l l s  revea led  no d i s t i n c t  abnorma l i t i e s  by l i g h t  o r  
e l e c t r o n  microscopy. Brief  d u r a t i o n s  of exposure were recorded f o r  two of 
t h e s e  t h r e e  s u b j e c t s  ( p a t i e n t s  1 and 2) .  

A second group cons i s t ed  of two b iops i e s  taken  from i n d i v i d u a l s  w i th  t h e  
longes t  h i s t o r i e s  of exposure and whose ejaculum was without  sperm ( p a t i e n t s  9 
and 10) .  I n  t he se  b iops i e s ,  semini fe rous  t ubu le s  were devoid of germ c e l l s  
when examined by l i g h t  o r  e l e c t r o n  microscopy. There was no evidence of 
c e l l u l a r  n e c r o s i s ,  nor  were r e s i d u a l  bodies  found e i t h e r  i n  t h e  lumina of t he  
semini fe rous  t ubu le s  o r  w i t h i n  t h e  cytoplasm of t h e  S e r t o l i  c e l l s .  These 
l a t t e r  c e l l s  were no d i f f e r e n t  from normal human c o n t r o l  c e l l s .  The 
i n t e r c e l l u l a r  junc t ions  were a l s o  unchanged, but t h e  number of f a t  d r o p l e t s  
and amount of glycogen seemed moderately increased .  U l t r a s t r u c t u r a l l y ,  t h e  
chromatin,  n u c l e o l i  and t h e  i n t e r ch roma t in  substance showed no d e v i a t i o n s  from 
normal. 

The t h i r d  group ( p a t i e n t s  4 t o  8 )  comprised f i v e  b iops i e s  from i n d i v i d u a l s  
wi th  reduced sperm counts  and h i s t o r i e s  of dibromochloropropane (DBCP) 
exposure i n t e rmed ia t e  i n  d u r a t i o n  between t h a t  of t he  o the r  two groups. These 
specimens demonstrated moderate t o  marked diminut ion of sperm formation.  
Spermatogenic c e l l s  were observed i n  only a mino r i t y  of the  semini fe rous  
t ubu le s .  I n  t h e  more s eve re ly  a f f e c t e d  i n d i v i d u a l s  ( p a t i e n t s  6 t o  8 ) ,  
spermatogenic a c t i v i t y  was l i m i t e d  t o  merely a few s h o r t  segments of t he se  
t ubu le s .  A l l  s t a g e s  of spermatogenesis were represen ted ,  but spermatocytes  
predominated. No u l t r a s t r u c t u r a l  a l t e r a t i o n s  could be de tec ted  i n  t h e  
cytoplasmic o r g a n e l l e s  and nuc lear  components of spermatocytes ,  spermatogonia,  
o r  spermatids ,  and few r e s i d u a l  bodies were p re sen t .  S e r t o l i  c e l l s  and t h e i r  
i n t e r c e l l u l a r  junc t ions  were wel l -preserved,  appearing s i m i l a r  t o  those  i n  
b iops i e s  of t he  second group. 



Aside from changes i n  spermatogenic a c t i v i t y ,  no o t h e r  c o n s i s t e n t  f e a t u r e s  
were found w i t h i n  t h e  t h r e e  groups of t e s t i c u l a r  b iops i e s .  

Ouestion 9 

What do these  d a t a  t e l l  you? 

Ouestion 10  

What a d d i t i o n a l  da t a  do you need t o  determine t h e  e t i o l o g y  of t h e  outbreak? 

PART 5 

A l i s t i n g  of t he  amounts of t e c h n i c a l  m a t e r i a l  used per  q u a r t e r  from 1968 
through June 1977 i n  t h e  ACD was genera ted .  There were some 200 chemicals  
used t o  make 100 products .  Heavily used chemicals  included:  c a r b a r y l ,  DBCP, 
d iaz inon ,  dinoseb,  endosulfan,  ep ich lorohydr in ,  e thy l ene  dibromide, malathion,  
maneb, methyl pa ra th ion ,  pa ra th ion ,  tozaphene, and zineb. Other chemicals  
were not  c o n s i s t e n t l y  used dur ing  t h e  t i m e  per iod o r  were used i n f r e q u e n t l y .  

DBCP was used ex t ens ive ly  throughout t h e  e n t i r e  per iod ,  c o n s t i t u t e d  20-25% 
of t h e  e n t i r e  ACD production dur ing  t h e  10-year per iod .  No product ion  d a t a  
were a v a i l a b l e  on t h e  amount of DBCP produced p r i o r  t o  mid-1968. 

The i n d u s t r i a l  hygiene s t u d i e s  done i n  A p r i l  and J u l y  of 1977 showed a n  
eight-hour  time-weighted exposure t o  DBCP i n  t h e  ACD p l an t  t o  be l e s s  than  0.4 
PPm 

Ouestion 11 

How would you eva lua t e  t he  p o s s i b l e  hazards  from t h e  v a r i e t y  of chemical 
exposures? 

Question 12 

What agency r e g i s t e r s  and r e g u l a t e s  use of p e s t i c i d e s ?  

Question 1 3  

What c o n t r o l s  p r e v a i l  on t h e  manufacture of p e s t i c i d e s  i n  o rde r  t o  ensure  
s a f e t y ?  



PART 6 

A l i t e r a t u r e  search  looking f o r  reproduct ive  t o x i c i t y  revealed t h a t  only 
f o u r  of t h e  compounds produced by t h e  ACD had animal evidence f o r  such 
e f f e c t s .  These were c a r b a r y l ,  DBCP, ep ich lorohydr in ,  and e thy l ene  dibromide. 
The nega t ive  r e s u l t s  of many of t h e  o t h e r  compounds would have been expected,  
based on t h e  gene ra l l y  known t o x i c  e f f e c t s .  

The fo l lowing  t a b l e  shows t h e  amount ( i n  kg) of each of t h e  f o u r  chemicals  
formulated by the  ACD during t h e  10-year per iod .  

Since t h e r e  were no r e l i a b l e  records  a s  t o  t h e  t i m e  any p a r t i c u l a r  
employee spent  wi th  any p a r t i c u l a r  chemical ,  a l l  were assumed t o  have a n  equa l  
p o t e n t i a l  of exposure t o  each. 

Kilograms of chemicals  used i n  ACD 

Year DBCP Carbaryl  Epichloro- Ethylene 
hydr in  dibromide 

The publ ished t o x i c o l o g i c a l  r e p o r t  on DBCP of 1961 showed evidence of 
t e s t i c u l a r  a t rophy  a t  5 ppm i n  a subchronic  s tudy  f n  r a t s ,  guinea p i g s  and 
r a b b i t s .  The proposed s a f e  l i m i t  was 1 ppm. The t o x i c o l o g ~ c a l  l i t e r a t u r e  
on c a r b a r y l  showed m u l t i p l e  e f f e c t s  on male roden t s  a t  i n t e rmed ia t e  doses .  
Epichlorohydrin,  s i m i l a r  t o  a lpha  ch lorohydr in ,  produced epididymal c y s t s  f n  
r a t s .  Ethylene dibromide produced t e s t i c u l a r  a t rophy  i n  r a t s ,  only a t  
h igher  dose than  d i d  DBCP. 

Question 1 5  

What would you conclude a s  t h e  most l i k e l y  e t i o l o g i c a l  agen t s?  

How would you prove your assumption? 



INSTRUCTOR'S NOTES 
MALE OCCUPATIONAL REPRODUCTIVE DISEASE 

PART 1 

Answer 1 

Fac to r s  a f f e c t i n g  sperm product ion 

a. Anatomical : 

va r i coce l e ,  cryptorchidism, t o r s i o n ,  trauma (p re s su re  n e c r o s i s ) ,  
vasectomy, vasovasotomy, congen i t a l  d e f e c t .  

b. Heat : 

f eve r  of 38.50C f o r  48 hours w i th in  3-6 months. 

c .  I n f e c t i o n s :  

mumps o r c h i t i s ,  vene ra l  d i s e a s e ,  p r o s t a t i t i s ,  ep id idymi t i s .  

d. Drugs: 

a l k y l a t i n g  agents ,  hormones. - - 

e .  Toxic agen t s :  

DBCP, l ead ,  mari juana,  r a d i a t i o n .  

f .  Diseases:  

endocrine,  c i r r h o s i s ,  and cond i t i on  producing impotence: 

g. The most common cause (excluding vasectomy) i s  id iopa th i c .  

Answer 2 

Fo l l i c l e - s t imu la t ing  hormone (FSH) s t i m u l a t e s  spermatogenesis.  A high FSH 
wi th  a  zero  sperm count would i n d i c a t e  a  problem i n  spermatogenesis,  not i n  a  
blockage t o  spermatocyte e x i t .  Leuten iz ing  hormone (LH) i s  f r equen t ly  
e l eva t ed  i n  men with high FSH l e v e l s .  

Answer 3 

One needs t o  know the  ex ten t  of t he  problem. I d e a l l y ,  one would examine 
a l l  o t h e r s  wi th  s i m i l a r  exposures of jobs i n  o rde r  t o  f i n d  new cases .  I f  t h e  
number i s  too  l a r g e ,  a  sampling method needs t o  be developed. 

The p l an  of a c t i o n  i n  t h i s  s i t u a t i o n  was t o  examine a l l  workers wi th  

a common a g r i c u l t u r a l  chemical exposures.  



PART 2 

Answer 4 

Table X X I I  p r e sen t s  d a t a  d i r e c t l y  from t h e  r e s e a r c h e r ' s  l i n e  l i s t i n g .  
Discussion should address  aggrega te  a n a l y s i s  of t h e  da t a .  The a u t h o r ' s  
a n a l y s i s  i s  presented i n  P a r t  3. An appropr i a t e  a l t e r n a t e  a n a l y s i s  might 
i nc lude  drawing a  sca t te rgram t o  he lp  t o  v i s u a l i z e  t h e  a s s o c i a t i o n  of t h e  
sperm count t o  yea r s  of Occidental  Chemical Company employment and simple 
r eg re s s ion  us ing  yea r s  of employment o r  a  m u l t i p l e  r eg re s s ion  inc lud ing  t h e  
age of t he  model. 

PART 3 

Answer 5 

I f  one i s  a b l e  t o  examine a l l  t he  workers, one does not have problems wi th  
sampling b i a s .  Amazingly, a l l  of t h e  men provided semen samples. Should a  
c o n t r o l  from another  p a r t  of t h e  p l a n t  have been included? This  i s  not 
necessary f o r  two reasons:  ( 1 )  t h e r e  was a  major d i f f e r e n c e  i n  t h e  men 
t e s t e d  a s  shown i n  Group A and C; and ( 2 )  matching and convincing t h e  
matched person t o  provide semen samples might have been d i f f i c u l t ,  i f  no t  
almost impossible .  

Answer 6 

The r e sea rche r s  chose t o  conduct t e s t i c u l a r  b iops i e s ,  i n  nine vo lun tee r s  
a t  t h e  next s t ep .  

The c l a s s  might d i scuss  t h e  need f o r  a  pa tho log ica l  d iagnos is .  Some might 
argue t h a t  t h e  case  f o r  c e s s a t i o n  of exposure should be made without  b iops i e s ;  
o t h e r s  might argue t h a t  knowing the  pa tho log ica l  b a s i s  f o r  t h e  azoosperm i s  
important  c l i n i c a l l y  i n  p r e d i c t i n g  improvements. 

Answer 7 

The term "oligospermic" has had a  changing d e f i n i t i o n  over time. 
Curren t ly ,  a  man i s  considered ol igospermic i f  h i s  sperm count i s  below 20 
m i l l i o n  sperm c e l l s  pe r  m i l l i l i t r e  of semen. I f  a  man i s  ol igospermic,  he i s  
not s t e r i l e  o r  i n f e r t i l e .  This  i s  a r e l a t i v e  term. The lower t h e  sperm 
count ,  t h e  g r e a t e r  t h e  r e l a t i v e  i n f e r t i l i t y .  Remember, f e r t i l i t y  i s  a couple 
e f f e c t .  A s  long a s  a  man can produce v i a b l e  sperm c e l l s ,  he i s  t h e o r e t i c a l l y  
f e r t i l e .  

Answer 8 

Two of t he  women were s e c r e t a r i e s  wi th  no exposure; t h e  t h i r d  had been a  
product ion worker f o r  two months. Nei ther  of t h e  s e c r e t a r i e s  was t r y i n g  t o  
have c h i l d r e n  nor was having menstrual  i r r e g u l a r i t i e s .  The product ion worker 
had been t ak ing  o r a l  con t r acep t ives  f o r  s e v e r a l  years .  Fu r the r  eva lua t ion  of 
t h e s e  t h r e e  was not done based on t h e  above information.  



PART 4 

Answer 9 

The semini fe rous  t ubu le s  were t h e  t a r g e t  f o r  t h e  e f f e c t s  of exposure.  It 
would appear  t h a t  t h e  primary spermatogonia were t h e  t a r g e t  cells.  

Answer 10  

What were t h e  exposures? How we l l  can t h e  exposures be quan t i f i ed?  Are 
t h e r e  o t h e r  gtoups of workers exposed t o  a g r i c u l t u r a l  chemicals  w i th  s i m i l a r  
r e s u l t s ?  What i s  known about t h e  p o t e n t i a l  male reproduct ive  t r a c t  e f f e c t s  of 
t h e  exposure agents?  

PART 5 

Answer 11 

A computerized l i t e r a t u r e  s ea rch  of a l l  t h e  200 chemicals  and 100 products  
was conducted looking f o r  adverse  male reproduct ive  e f f e c t s .  I n  a d d i t i o n ,  t h e  
company requested s i m i l a r  in format ion  from a l l  of i t s  s u p p l i e r s .  

Answer 12  

For t h e  USA, t h e  Environmental P r o t e c t i o n  Agency (EPA). For C a l i f o r n i a ,  
t h e  Department of Food and A g r i c u l t u r e  (CDFA). OSHA only  r e g u l a t e s  t h e  
product ion  of p e s t i c i d e s ,  no t  uses .  

Answer 1 3  

Manufacturers must provide t o x i c o l o g i c a l  d a t a  t o  EPA o r  CDFA i n  o rde r  t o  
r e g i s t e r  a p e s t i c i d e .  The manufacturer  can r e q u i r e  EPA t o  cons ide r  a l l  
p e s t i c i d e  t o x i c o l o g i c a l  in format ion  which cannot then be r e l ea sed  t o  t h e  
pub l i c .  Only a  smal l  f r a c t i o n  of such informat ion  i s  publ ished i n  t h e  open 
s c i e n t i f i c  l i t e r a t u r e .  

PART 5 

Answer 1 4  

Based on t h e  amount produced every q u a r t e r ,  DBCP was t h e  prime choice  a s  , 
an  e t i o l o g i c a l  agent .  Epich lorohydr in  remained a  p o s s i b i l i t y ,  e i t h e r  
independent ly  o r  as a  CO-factor ,  s i n c e  i t  was added t o  DBCP a s  a s t a b i l i z e r  
(1% epich lorohydr in  was p re sen t  i n  t h e  f i n i s h e d  product) .  



I l0 
Answer 15 

The assumption would requ i re  evaluat ion  of o ther  groups of workers exposed 
t o  DBCP. The o the r  two products (e thylene  dibromide and carbaryl )  were not 
produced cons i s t en t ly .  DBCP accounted f o r  20-25% of a l l  of the  volume of 
products produced i n  the  ACD. Based on t h e  a v a i l a b l e  da ta ,  DBCP was t h e  prime 
suspect;  however, t h i s  would not be proved s o l e l y  by the  Occidental Chemical 
Company data .  

PART 7 

Subsequent developments : 
I n  August 1977, 12 of the  f i r s t  14 workers examined a t  Dow Chemical 

~ o m ~ a n ~ '  S-DBCP production f a c i l i t y  i n  Arkansas were found t o  be azoospermi c. 
S imi lar ly ,  She l l  found workers i n  two of i t s  f a c i l i t i e s  (Denver and Mobile, 
Alabama) t o  have reduced sperm counts with DBCP exposure. 

During 1977 and 1978, e igh t  separa te  s t u d i e s  were done i n  I s r a e l ,  Mexico 
and t h e  USA on DBCP-exposed workers. Of t h e  t o t a l  of 508 men examined, 80 
(15.7%) were azoospermic, and 112 (22.1%) were oligospermic (sperm counts  l e s s  
than 20 m i l l i o n  per  ml). These da ta  conclusively showed t h e  adverse e f f e c t s  
of DBCP upon exposed male workers. 
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MF.SOTHELIOMA I N  RAILROAD WOPXERS * 

PART 1 

NIOSH had been asked t o  i n v e s t i g a t e  two c a s e s  of malignant p l e u r a l  
mesothelioma i n  r e t i r e d  employees of a major Pennsylvania r a i l r o a d .  You a r e  
ass igned t h i s  i n v e s t i g a t i o n .  The ca se s  were de t ec t ed  by an  a s t u t e  phys ic ian  
i n  t h e  f i r s t  t h r e e  months of a new p r a c t i c e  i n  t h i s  community of 80 000 
people. Both men had r e t i r e d  i n  t h e  preceding f i v e  yea r s  and had been 
employed a n  average of 35 yea r s  a s  a machin is t  and a boilermaker,  
r e s p e c t i v e l y .  Each denied occupat iona l  a s b e s t o s  exposure,  though on c l o s e  
ques t ion ing  each ind i ca t ed  t h a t  magnesium i n s u l a t i o n  was e x t e n s i v e l y  used i n  
t h e i r  workplace t o  i n s u l a t e  steam powered locomotives p r i o r  t o  1954. 

Question 1 
Was i t  reasonable  f o r  t h e  l o c a l  phys i c i an  t o  suspec t  a s b e s t o s  exposure 

d e s p i t e  t h e  absence of an  apparent  h i s t o r y ?  

Question 2 
Given our  knowledge of p l e u r a l  mesothelioma (30-70% a t t r i b u t a b l e  t o  

a sbes to s )  i s  f u r t h e r  i n v e s t i g a t i o n  warranted? 

g u e s t i o n  3 
How would you begin t h i s  i n v e s t i g a t i o n ?  

Question 4 
What sources  could be u t i l i z e d  t o  a s c e r t a i n  a d d i t i o n a l  ca se s  i n  t h i s  

occupat iona l  group? 

PART 2 

Af t e r  conf i rmat ion  of index ca se s ,  c o n s u l t a t i o n  wi th  r e f e r r i n g  phys ic ian ,  
ca se s ,  unions,  management, i n d u s t r y ,  S t a t e  and Federa l  o f f i c i a l s ,  you l e a r n  
t h e  fol lowing : 

The f a c i l i t y  i n  ques t ion  i s  a r a i l r o a d  shop where locomotives and rai lway 
passenger c a r s  a r e  cons t ruc ted  and r epa i r ed .  From 1902-1954 a c t i v i t i e s  
here  cen te red  around steam locomotives which requi red  much a s b e s t o s  i n  t h e  
form of blocks and powder t o  i n s u l a t e  engine b o i l e r s .  Asbestos conta in ing  
m a t e r i a l s  were a l s o  used i n  t h e  i n s u l a t i o n  of p ipes ,  ra i lway and 
r e f r i g e r a t i o n  c a r s .  The bulk of t h e s e  a c t i v i t i e s  occurred i n  s p e c i f i c  
s i t e s  inc lud ing:  t h e  locomotjve shop, b o i l e r  shop, c a r  shop and t h e  
engine house. According t o  t h e  above sources ,  t h e r e  does not seem t o  be 
any ongoing a sbes to s  exposure.  However, you f i nd  an a r t i c l e  desc r ib ing  
the  h i s t o r y  of t h e  r a i l r o a d  i n d u s t r y  whlch documents a s u b s t a n t i a l  number 
of r a i l r o a d  workers were exposed t o  a sbes to s  through 1950. 

* By M. Sepulveda, 1.983; e d i t e d  Ju ly  1985. 



The g r e a t e s t  source of pas t  exposure was i n  t h e  locomotive shop, where 1800 
workers r ep re sen t ing  a l l  c r a f t s ,  were employed and involved t h e  
a p p l i c a t i o n  and removal of a sbes to s  b o i l e r  i n s u l a t i o n .  These a c t i v i t i e s  
were performed by l aboure r s ,  who wi th  t enu re  might advance t o  
app ren t i ce sh ip  i n  one of many s k i l l e d  c r a f t s ,  e.g.  boilermaker,  machin is t ,  
p i p e f i t t e r ,  carman, f i remen,  o i l e r ,  e t c .  I n  t h e  per iod of i n t e r e s t  
(1902-1950) 2500 workers per  year  were employed a t  t h i s  f a c i l i t y .  The 
a c t i v i t i e s  a t  t h i s  s i t e  were t y p i c a l  of t h e  process  i n  t h e  i n d u s t r y  i n  
gene ra l  which averaged 250 000 workers per  year  i n  t he  i n t e r v a l  of 
i n t e r e s t .  

Personnel and medical records  have been denied you and only one of t h e  s i x  
c r a f t  unions has  cooperated wi th  you a t  t h e  l o c a l  l e v e l .  Undaunted, 
none the less ,  you have managed t o  r e c r u i t  i n t e r e s t  a t  t he  US Department of 
Labor, t h e  epidemiology branch of t h e  S t a t e  Heal th  Department and t h e  
r e sea rch  d i v i s i o n  of t he  Federa l  Rai l road  Retirement Board. The f i r s t  
could supply employment d a t a ,  t h e  second dea th  c e r t i f i c a t e s  and t h e  t h i r d  
could i d e n t i f y  a l l  workers i n  t h e  i n d u s t r y  by occupat ion q u a l i f y i n g  f o r  
b e n e f i t s  under t h e  system, i .e .  10 yea r s  of s e r v i c e ,  and could provide 
occupat iona l ,  demographic and v i t a l  s t a t u s  da t a .  

I n  t h e  i n t e r i m  you have e s t a b l i s h e d  a hospi ta l -based search  a t  t h e  t h r e e  
h o s p i t a l s  i n  t h e  county f o r  mesotheliomas diagnosed i n  t he  l a s t  f i v e  years .  
This  has  r e s u l t e d  i n  t he  i d e n t i f i c a t i o n  of t h r e e  o t h e r  c a s e s  i n  former workers 
a t  t h i s  f a c i l i t y ,  y i e l d i n g  a t o t a l  of f i v e  confirmed cases  i n  r a i l r o a d  shop 
workers. The t o t a l  number of malignant mesothelioma c a s e s  diagnosed i n  h i s  
c i t y  s i n c e  1975 was 1 3  a s  determined by your search .  

Question 5 

Given t h a t  t h e r e  i s  c l e a r l y  an  excess  of mesothelioma i n  t h i s  community, 
and t h a t  exposure i s  no longer  occu r r ing ,  what f u r t h e r  s tudy would you propose 
t o  address  t he  o the r  g o a l s  s t a t e d  i n  Pa r t  l ?  

Question 6 

Suppose t h a t  you dec ide  t o  determine the  prevalence of pulmonary d i s e a s e  
among l i v i n g  c u r r e n t  and former workers: 

a )  What c r i t e r i a  would you use t o  s e l e c t  your s tudy  group? 
b) Would you inc lude  a c o n t r o l  group? 

I f  ye s ,  who? 

I f  no t ,  why no t?  

c )  What advantage, i f  any, might t he re  be t o  examining a popula t ion  of 
asbestos-exposed workers,  30 yea r s  a f t e r  exposure te rmina ted?  

d )  What type of a morbid i ty  s tudy would t h i s  be? 



PART 3 

I n  t he  a c t u a l  s tudy,  a l l  workers ( c u r r e n t  and former) w i th  a minimum of 
two yea r s  tenure  a t  t h e  r a i l r o a d  shop before  1950 and s t i l l  r e s i d i n g  i n  t h e  
community were i n v i t e d  t o  p a r t i c i p a t e .  The focus  of t he  s tudy was on 
nonmalignant pulmonary d i s e a s e  r e l a t e d  t o  a sbes to s  exposure ( p l e u r a l  
abnorma l i t i e s  and i n t e r s t i t u a l  pulmonary f i b r o s i s ) .  Both p o s t e r o a n t e r i o r  (PA) 
and 45 degree ob l ique  radiographs of t h e  c h e s t  were ob ta ined .  I n  a d d i t i o n ,  
occupat iona l  r e s p i r a t o r y  symptom and smoki.ng h i s t o r i e s  were e l i c i t e d  from each 
p a r t i c i p a n t .  

A popula t ion  of 266 c u r r e n t  and former workers p a r t i c i p a t e d  i n  t h e  study. 
Seventy-five percent  were over  t h e  age of 60 yea r s ,  and 80% had fewer t han  t e n  
years  of r a i l r o a d  r e l a t e d  a s b e s t o s  exposure. Roentgenographic evidence of 
a s b e s t o s i s  ( d i f f u s e  i n t e r s t i t i a l  pulmonary f i b r o s i s )  was found i n  on ly  f i v e  
workers ( 2 % ) ,  whereas 52 (202) had one o r  more p l e u r a l  abnorma l i t i e s  (Table  
m). 

Table XXV. Roentgenographic abnorma l i t i e s  among 266 r a i l r o a d  
shop workers by occupat ion 2 

Occupation 
Small o p a c i t i e s b  P l e u r a l  abnormali tyc 

Num be r only  - + small  o p a c i t i e s  

Boilermakers 2 7 1 (42) 
Machinis ts  92 2 (2%) 
Carmen 30 1 (3%) 
Sheetmetal workers 24 0 (0%) 
Labourers 2 4 1 (4%) 
E l e c t r i c i a n s  2 3 0 (0%) 
A l l  o t h e r  occupat ions - 4 6 0 (OX) 

T o t a l s  266 5 (2%) 52 (20%) 

Source: Sepulveda & Merchant, 1983. 

a Main r a i l r o a d  shop occupat ion p r i o r  t o  1950. - 
b Small o p a c i t y  profus ion  1 / 0  o r  g r e a t e r  (ILO 1980) by a t  l e a s t  two of t h r e e  - 

"B" r eade r s .  

c P l e u r a l  th ickening  and/or  c a l c i f i c a t i o n  noted by a t  l e a s t  two of t h r e e  "B" - 
r eade r s .  

Questions 7 

How do you i n t e r p r e t  t he se  d a t a ?  



Ouestion 8 

a )  Considering that the number of exposed workers was about 2500 a t  each of 
the years of in teres t ,  what do you think of having a sample of 266 workers 
only ? 

b) Do you think t h i s  sample i s  representative of a l l  exposed railroad shop 
workers ? If  not, why ? 



INSTRUCTOR' S NOTES 
ME SOTHELIOMA I N  RAILROAD WORKERS 

P r i n c i p l e s  and methods i l l u s t r a t e d  by t h i s  s tudy  

1. The e v a l u a t i o n  of a c l u s t e r .  

2. I d e n t i f i c a t i o n  of t h e  o b j e c t i v e  of t h e  s tudy.  

3. Choice of s tudy  methodology. 

4 .  Use of a c ros s - sec t iona l  p reva lence  survey i n  i d e n t i f y i n g  a h igh  r i s k  
group. 

PART 1 

Answer 1 

a )  It was reasonable  t o  suspec t  a s b e s t o s ,  s i n c e  a s b e s t o s  exposure i s  
f r e q u e n t l y  unrecognized, and s i n c e  i t  i s  we l l  known t h a t  a s b e s t o s  was used 
i n  steam engines  a s  i n s u l a t i o n .  A t  t h i s  po in t  we cannot t e l l  whether a 
c l e a r c u t  excess  of mesothelioma e x i s t s .  Mesothelioma has  a n  es t imated  
inc idence  r a t e  of about 1/100 000 popula t ion /year .  Hence t h e  d i agnos i s  of 
two c a s e s  w i th  t h e  same occupat iona l  h i s t o r y  i n  t h r e e  months may w e l l  
r ep re sen t  an  excess ,  p a r t i c u l a r l y  i f  t h e r e  a r e  o t h e r  unrecognized c a s e s  i n  
t h e  community. 

b) Asbestos exposure i s  t h e  major r i s k  f a c t o r  f o r  mal ignant  mesothelioma; 
wi th  p o s i t i v e  h i s t o r i e s  o b t a i n a b l e  i n  30% t o  70% of c a s e s  (NIOSH, 1980). 
S tudents  could t r y  t o  l i s t  o t h e r  p o s s i b l e  r i s k  f a c t o r s .  

Answer 2 

C lea r ly  t h e r e  i s  no need t o  prove once aga in  t h e  a s s o c i a t i o n  between 
a s b e s t o s  exposure and mesothelioma, lung cancer ,  and non-malignant r e s p i r a t o r y  
d i s ea se .  However, t h e r e  a r e  s e v e r a l  reasons  f o r  f u r t h e r  s tudy:  1 )  There may 
be ongoing exposure of c u r r e n t  workers. 2 )  Ra i l road  workers have not  been 
prev ious ly  descr ibed  a s  a popula t ion  a t  r i s k  of a sbes to s - r e l a t ed  d i s e a s e .  I f  
excess ive  exposure i s ,  o r  was occur r ing ,  i t  would be u s e f u l  t o  a l e r t  t h e  
exposed workers,  and t h e  medical community s o  t h a t  app rop r i a t e  a c t i o n s  could 
be taken.  3 )  Appropriate  a c t i o n  might c o n s i s t  of c o n t r o l l i n g  f u r t h e r  
exposure,  adv i s ing  t h e  workers a l r e a d y  exposed t o  s t o p  smoking, and making t h e  
d i s e a s e  cornpensatable under workers compensation systems t o  r e l i e v e  
i n d i v i d u a l s  of f i n a n c i a l  burdens. 

Answer 3 
Index c a s e s  need t o  be reviewed and confirmed; t h i s  i s  of p a r t i c u l a r  

importance f o r  d i s e a s e s  such a s  mal ignant  mesothelioma where t h e  d i agnos i s  can 
be q u i t e  d i f f i c u l t .  The union and t h e  company should be contac ted  t o  confirm 
wheiher o r  no t  a sbes to s  exposure occurred and whether i t  i s  s t i l l  occu r r ing  i n  
t h e  r a i l r o a d  yards.  



Answer 4 

It i s  most e f f i c i e n t  t o  begin wi th  any records  t h a t  t h e  company and union 
may keep: pension f i l e s ,  d e a t h  b e n e f i t  f i l e s ,  insurance  r eco rds ,  d i s a b i l i t y ,  
compensation e t c .  Sometime i t  i s  p o s s i b l e  t o  l e a r n  of a d d i t i o n a l  ca se s  from 
l o c a l  h o s p i t a l s ,  tumour r e g i s t r i e s ,  e t c .  The record  systems a v a i l a b l e  vary  
g r e a t l y  between companies and by geographica l  reg ion ,  and must be explored i n  
any g iven  s e t t i n g .  

PART 2 

Answer 5 

S ince  t h e r e  i s  no ongoing exposure,  t h e r e  is c l e a r l y  no need f o r  an 
i n d u s t r i a l  hygiene survey. A geographical-based ca se  c o n t r o l  s tudy  could be 
conducted, a l though wi th  only f i v e  ca se s  of mesothelioma, t h e  sample s i z e  
would be extremely small .  A cohor t  s tudy  may show an excess  f o r  non-malignant 
r e s p i r a t o r y  d i s e a s e  and lung cancer .  Unfor tuna te ly ,  such a s tudy  would not 
provide conc lus ive  evidence t h a t  t h e  problem was due t o  a s b e s t o s  r a t h e r  t han  
smoking. Furthermore, an  excess  of mal ignant  mesothelioma may not  be 
d e t e c t a b l e  i n  a cohor t  m o r t a l i t y  s tudy ,  s i n c e  t h i s  d i s e a s e  i s  not  coded a s  a 
s i n g l e  d i s e a s e  outcome. I n  t h i s  c i rcumstance,  t he  most u s e f u l  s tudy  may be a 
c ros s - sec t iona l  survey of t h e  prevalence of r a d i o l o g i c a l  pulmonary 
abnorma l i t i e s  among c u r r e n t  and former workers 

Answer 6 

a )  The popula t ion  t o  be examined should i nc lude  both c u r r e n t  and former 
workers employed before  t h e  1950's  ( t h e  per iod  dur ing  which a s b e s t o s  
exposure occur red) .  Because i t  i s  d i f f i c u l t  t o  f i n d  former workers who 
l e f t  t h e  job a f t e r  a b r i e f  t enu re ,  some minimum employment c r i t e r i a  would 
seem d e s i r a b l e .  Workers should a l s o  be included who have had a range of 
exposure (high-medium-low), i n  o r d e r  t o  compare subgroups. 

b) Cons idera t ions  t o  be weighed i n  dec id ing  on a comparison o r  c o n t r o l  
popula t ion  inc lude :  

i )  a v a i l a b l e  d a t a  on t h e  prevalence of abnorma l i t i e s  one would expec t  t o  
d e t e c t  i n  t h e  gene ra l  popula t ion  o r  i n  o t h e r  a s b e s t o s  exposed groups;  

i i )  t h e  l i ke l i hood  of non-asbestos-related e t i o l o g i e s  f o r  abnorma l i t i e s  
observed ; 

i i i )  a v a i l a b i l i t y  of s u i t a b l e  comparison groups w i t h  regard  t o  d e s i r e d  
age,  sex  d i s t r i b u t i o n ,  e t c . ;  

i v )  t he  c o s t  of comparison groups, e.g. c o s t  t o  r e c r u i t  and examine, c o s t  
of follow-up and d e f i n i t i v e  d i agnos i s  i n  t hose  wi th  abnormal t e s t s  
and t h e  r i s k  from t e s t i n g  procedures  (x-rays and r a d i a t i o n ) .  



c )  A c ross-sec t ional  study (Monson, 1980) of a population with 30 years  s ince  
l a s t  exposure has more disadvantages than advantages. The worst problem 
i s  t h a t  workers who developed lung cancer o r  non-malignant lung d i sease  
may well have died o r  have l e f t  the  area.  On the  o ther  hand, the  
prevalence of some p l e u r a l  abnormali t ies  continues t o  inc rease  i n  t h e  
years following asbes tos  exposure. Even though the  problem i s  l i k e l y  t o  
be underestimated, de tec t ing  workers with r e s idua l  pulmonary abnormali t ies  
would document tha t  s u b s t a n t i a l  asbes tos  exposure had occurred. One can 
then propose t h e  in te rven t ions  previously discussed.  

d )  A cross-sect ional  study of r e sp i ra to ry  morbidity i n  survivors.  

PART 3 

Answer 7 

Even without a comparison group, the re  i s  a much higher prevalence of 
p leu ra l  abnormali t ies  i n  t h i s  populat ion than one would expect. ( I t  would be 
useful  t o  compare the  prevalence of p leu ra l  abnormali t ies  here with t h a t  i n  
the  genera l  population, a s  measured by t h e  Health Examination Survey). It 
a l s o  appears poss ib le  t h a t  the  prevalence i s  higher among boilermakers and 
machinists  than among other  occupations, but s ince  we had no p r i o r  information 
t h a t  the  exposure of these two occupational groups was higher than t h a t  of 
o the r  occupations, we do not know how t o  i n t e r p r e t  t h i s  information. 

Answer 8 

This  i s  a very small sample of the  t o t a l  population a t  r i s k .  It cannot be 
representa t ive ,  because i t  represents  a survivor population. Many of those 
exposed before 1950 have died,  some of them from asbes tos  r e l a t ed  d isease .  
Others have moved away, and t h e r e  a r e  no data  on the  reasons why some have 
q u i t  o r  whether they were d i f f e r e n t  from the  survivors.  

The publ ic  h e a l t h  impact of asbes tos  exposure i n  t h i s  pas t  indus t ry  has 
been and continues t o  be enormous, given the  number of persons employed i n  the  
decades before 1950 (Becklake, 1976). For survivors ,  t h e  confirmation of t h i s  
exposure by the  radiographic f indings  has pronounced impl ica t ions  f o r  t h e i r  
f u t u r e  heal th .  While p l e u r a l  abnormali t ies  p e r  s e  have not been shown t o  have 
adverse hea l th  e f f e c t s ,  they a r e  markers of asbes tos  exposure and the  l a t t e r  
p laces  these  workers a t  r i s k  f o r  asbestos-related malignancies. 
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HYPERSENSITIVITY PNEUMONITIS I N  AN OFFICE BUILDING 
(A new form of occupat iona l  lung d i sease )*  

PART 1 

The outbreak 

You a r e  c a l l e d  on a Tuesday a f t e rnoon ,  a f t e r  everyone e l s e  has  gone home, 
about an ou tbreak  of d i s e a s e  i n  an  o f f i c e  bu i ld ing .  A s e c t i o n  head i n  a 
f e d e r a l  agency not iced  t h a t  s e v e r a l  of h i s  employees became ill on Monday 
a f te rnoon i n  September, s e v e r a l  more on Monday n i g h t  ( a s  he found out  on 
Tuesday), and t h r e e  of twenty-four d i d  not  come t o  work. He c a l l e d  s e v e r a l  
co l leagues  who noted s i m i l a r  occurrences.  The S t a t e  Heal th  Department was 
c a l l e d ,  but s i n c e  t h i s  was thought t o  be a work-related outbreak,  t h e  s e c t i o n  
head was r e f e r r e d  t o  NIOSH. People had complained of muscle aches,  
ches t - t i gh tnes s ,  and f eve r .  He now wishes t o  know whether he should l e t  
people work i n  t h e  bu i ld ing  t h e  next day. 

A t  an opening conference w i th  t h e  agency head, t he  s a f e t y  o f f i c e r ,  t h e  
bu i ld ing  manager, t h e  o f f i c e  phys ic ian  and t h e  union r e p r e s e n t a t i v e ,  you f i n d  
t h a t  27 persons went t o  see t h e  l o c a l  phys ic ian  because of i l l n e s s  developing 
t h e  day before .  Nothing was changed i n  c a r p e t  shampoos, d e t e r g e n t s ,  a i r  
f r e shene r s ,  o r  p a i n t i n g  i n  t h e  bu i ld ing .  The a i r  cond i t i one r  was tu rned  o f f  
over t h e  weekend because coo l  weather had been expected. When t h e  temperature  
reached 27OC on Monday morning, t h e  a i r  cond i t i one r  was turned on again.  
There was a computer room wi th  a s e p a r a t e  a i r -handl ing system t h a t  c o n t r o l l e d  
r e l a t i v e  humidity much more s t r i c t l y .  There was an  o ld  furnace  wi th  a f l a k i n g  
a s b e s t o s  l i n i n g .  The a i r  i n t a k e  f i l t e r  was c u r r e n t l y  blocked by r e f u s e  i n  t h e  
a l l e y .  

The bu i ld ing  was b u i l t  i n  t h e  1930s and was vacated i n  t h e  e a r l y  1970s. 
It was reoccupied only  f o u r  months before  t h e  p re sen t  episode.  The bu i ld ing  
manager e x p l a i n s  t h a t  t he  bu i ld ing  was f looded while  unoccupied. The 
v e n t i l a t i o n  system had not  been remodelled s i n c e  1939. It was a spray water  
c o o l e r  ( " a i r  washer"): water  d r o p l e t s  were sprayed from nozz les ;  they 
vaporized,  and cooled t h e  a i r .  Water a e r o s o l s  ( t h e  noncondensed water )  were 
t rapped on b a f f l e  p l a t e s ,  c o l l e c t e d  i n  a sump, and r e c i r c u l a t e d .  The a i r  was 
ducted through t h e  bu i ld ing  d r iven  by two f ans .  Return a i r  d u c t s  c o l l e c t e d  
t h e  a i r  from t h e  o f f i c e s  and led  i n t o  a common plenum. During the  summer 
months t h e  f r e s h  a i r  i n t a k e  has  been l e s s  than  5%. The a i r - i n t ake  was next  t o  
t h e  a i r  handler  ( i n  t he  basement) ad j acen t  t o  an a l l e y .  To t h e  manager's 
knowledge no processes  were changed i n  t h e  bu i ld ing .  

On t h e  walk-through of the  bu i ld ing  t h e  atmosphere was very humid. The 
f l o o r  of t he  f a n  room was covered wi th  backed-up sewage with a somewhat f o u l  
smell .  The bui ld ing  i s  an "open-space" o f f i c e  bu i ld ing .  There a r e  40 windows 
per  f l o o r ,  of which many a r e  open. There i s  a row of desks i n  t h e  per iphery ,  
then a c o r r i d o r ,  and a c e n t r a l  p a r t  of each f l o o r .  

* By Michael Hodgson & P h i l i p  R. Morey, 1983. 



Question 1 
Given t h i s  s e t t i n g ,  what working hypotheses would pos s ib ly  exp la in  t h i s  

outbreak of r epo r t ed  d i s ea se?  

Question 2 
What information could be c o l l e c t e d  by ques t i onna i r e ,  environmental 

eva lua t ion ,  phys i ca l  examination, o r  l a b o r a t o r y  t e s t i n g ,  which would a l low u s  
t o  t e s t  ( d i f f e r e n t i a t e  between) some of t he se  hypotheses? 

PART 2 

Ques t ionna i res  and symptoms 

Out of a t o t a l  324 persons i n  t he  bu i ld ing ,  216 persons complained of a t  
l e a s t  one symptom (Table XXVI). The number of persons w i th  a t  l e a s t  one 
symptom i s  l i s t e d  i n  Table X X V I I .  Of t he  216 persons wi th  symptoms, 152 were 
female,  64 were male. 

Table XXVI Numbers of persons w i th  complaints  on each f l o o r  

F loor  Persons wi th  a t  T o t a l  persons No. of open windows 
l e a s t  one symptom(%) on each f l o o r  on each f l o o r  

1 15(54) 2 8 2 3 

7 26(74) 3 5 16 
To ta l  216(66.7%) 324 

Table X X V I I  Symptom prevalence 

Symptom Number w i th  % of t o t a l  
symptom ( b a s i s  216) 

Headache 
Muscle ache 
Fever measured 
Fever unmeasured 
C h i l l s  
Nausea 
Wheezing 
Chest t i g h t n e s s  o r  

sho r tnes s  of b r ea th  
Cough 



The ques t i onna i r e  a l s o  revea led  t h a t  t h e r e  were 105 persons w i th  t h r e e  o r  
more symptoms of whom 60 were females and 45 were males. The base popula t ion  
i s  unknown and s o  i s  t h e i r  s ex  d i s t r i b u t i o n .  

I n  o rde r  t o  a s s e s s  t h e  r o l e  of v e n t i l a t i o n  i n  t h i s  outbreak t h e  fol lowing 
s t u d i e s  were made: 

a )  Rela t ion  of i l l n e s s  t o  l o c a t i o n  ( c e n t r a l  ve r sus  p e r i p h e r a l ) :  
T o t a l  I1 1 Non-ill  At tack r a t e  (X) 

Cent re 159 42 117 26.4 
Per iphery  169 6 3 - 102 3 7 . 3  

1-65 21 9 

b) I l l n e s s  among persons i n  t h e  computer room ve r sus  c e n t r a l  a i r  supply: 
To ta l  I1 1 Non-ill At tack r a t e  ( I )  

Com~uter  8 0 8 0 
Cen t r a l  a i r  324 105 - 

supply 105 

c )  Of persons s i t t i n g  i n  t h e  per iphery  - 111 ver sus  non- i l l  by open o r  c losed  
windows : 
Windows To ta l  I11 Non-ill At tack r a t e  
Closed 9 0 7 1 19  78.9 
Open 
T o t a l  

d)  D i s t r i b u t i o n  of employees by sex  ( a s  p o t e n t i a l  f o r  confounding):  
Male Female T o t a l  X male 

Centre 7 7 90 = 167 46.1 
Periphery - 140 19  = - 159 - 88.0 
To ta l  21 7 109 = 326 66.6 

Question 3 

a )  What conc lus ions  can you draw from t h i s  d a t a ?  

b) Do t h e s e  d a t a  i n f luence  your i n t e r p r e t a t i o n  of what i s  going on? 

c )  Do you need any f u r t h e r  obse rva t ions  o r  a n a l y s i s  of the. above da t a?  



PART 3 

I n d u s t r i a l  hygiene and microbio logica l  environmental eva lua t ion  

A i r  samples were c o l l e c t e d  on f i l t e r  media. Bulk samples of dus t  from t h e  
a i r  supply and a i r  r e t u r n  d u c t s  and a  sample of t h e  sump water were c o l l e c t e d  
f o r  c u l t u r i n g  and i d e n t i f y i n g  fungi ,  thermotolerant  b a c t e r i a ,  and amoebae. 

The r e l a t i v e  humidity on s e v e r a l  occasions dur ing  ope ra t ion  of t h e  HVAC 
(Heating, v e n t i l a t i n g ,  and a ir  condi t ion ing)  system was i n  t h e  range of 65% t o  
7 5 % ;  when t h e  HVAC system was turned o f f  r e l a t i v e  humidity was 45% t o  55%. 
Airborne l e v e l s  of microorganisms were approximately 800 t o  1200 colony- 
forming units/m3. Formaldehyde and hydrocarbon l e v e l s  by short-term 
d e t e c t o r  tubes  were s e v e r a l  o r d e r s  of magnitude below t h e  threshold  l i m i t  
va lues  (TLV), while  r e s p i r a b l e  dus t  l e v e l s  were between 25 and 50 ug/ml. 
Sampling f o r  f i b r e s  showed 0.5 t o  1 fibre/m3. 

Question 4 

How can we a s s e s s  whether t hese  cond i t i ons  a r e  acceptab le?  

Question 5 

What f a c t o r s  i n f luence  a i rbo rne  microorganisms and a r e  t he re  threshold  
l i m i t  va lues  f o r  a i rbo rne  microorganisms. 

Question 6 

What o t h e r  gases  and p a r t i c u l a t e s  could you sample f o r ?  

PART 4 

Et  iology 

To determine the  e t i o l o g y  of t h i s  outbreak you t r y  t o  o b t a i n  p r e c i p i t i n s  
i n  ca ses  and c o n t r o l s  ( B u r r e l l  & Rylander, 1981).  You a r e  t o l d  t h a t  t h e  
r e s u l t s  of p r e c i p i t i n s  and c u l t u r e s  from t h e  bui ld ing  w i l l  not be a v a i l a b l e  
f o r  two t o  t h r e e  months. Af t e r  d i scuss ion  wi th  t h e  Center f o r  I n f e c t i o u s  
Diseases ,  i t  i s  decided t o  c l e a n  the  a i r -condi t ion ing  system wi th  a 
quar te rnary  ammonia compound, steam c l e a n  t h e  room housing t h e  a i r -handler ,  
and exchange the  old b a f f l e  p l a t e s .  Two weeks l a t e r  a  s i m i l a r  outbreak 
occurs .  Because of l e g a l  imp l i ca t ions  the  bui ld ing  owners decide t o  evacuate  
t h e i r  t e n a n t s  and t o  r e s t r u c t u r e  the  bui lding.  It i s  converted i n t o  a  
condominium. 



Table XXVIII Number of people with precipitating antibodies 
against specific antigens grown from Union Building isolates 

Union Union NonUni on 
Antigen Building Building Building 

Ills Controls Controls 
N=27 N=28 N=28 

Asoergillus flavus 
Aspergillus versicolor 
Aspergillus sp. (beige) 
Aspergillus fumigatus 
Aspergillus niger 
Cephalosporium sp. 
Cladosporium sp. 
Crytococcus sp. 
Dematiaceoas sp. No. 1 
Dematiaceous sp. No. 2 
Epiococcum nigrum 
Fusarium sp. 
Harposporium sp. 
Oidiodendrum sp. 
Penicillium sp. No. 1 
Penicillium SD. No. 2 (tan) 
Penicillium sp. No. 3 (yellow) 

- 

Phoma sp. 
Pithomyces sp. 
Rhodotorula so. 
Small brown colonies 
Stachyboteys sp. 
Trichoderma sp. 
Verticillium SD. 
Mucos sp. 

Ouestion 7 

How would you have selected cases and controls? 

Ouestion 8 

How would you interpret this serological data? 





INSTRUCTOR' S NOTES* 
HYPERSENSITIVITY PNEUMONITIS I N  AN OFFICE BUILDING 

This  e x e r c i s e  has  two purposes: 

1. To in t roduce  t h e  sub jec t  of h y p e r s e n s i t i v i t y  pneumonitis (Arnow, e t  a l .  
1978) a s  an  emerging occupat iona l  problem i n  what may apparen t ly  be a 
"nonhazardous" s e t t i n g ,  and 

2 .  t o  i n t roduce  t h e  bas i c  methodology of i n v e s t i g a t i o n  of bu i ld ing-assoc ia ted  
d i s ea se s .  

A s  u s e r s  of t h i s  chap te r  may not  be f a m i l i a r  w i th  e i t h e r  a s p e c t ,  a l i s t  of 
r e f e r ences  has  been compiled. This  may be of va lue  i n  f u r t h e r  reading.  
I n s t r u c t o r s  may wish t o  read t h e  r e f e r ences  before  us ing  t h i s  chap te r  i n  t h e i r  
courses .  

From t h e  s t a t e  of knowledge i n  1983, non in fec t ious  bui lding-  
a s soc i a t ed  epidemics can be of t h r e e  c a t e g o r i e s :  

a )  Problems can occur through exposure t o  agents  disseminated i n t o  a bu i ld ing  
through t h e  v e n t i l a t i o n  system. Examples a r e  carbon-monoxide i n t o x i c a t i o n  
from an  a i r  i n t a k e  on street l e v e l  (rush-hour exhaus t )  o r  garages ,  f i b r e g l a s s  
from r e l e a s e  of g l a s s  f i b r e s  i n  v e n t i l a t i o n  d u c t s ,  and rug shampoos t h a t  have 
been a s soc i a t ed  wi th  r e s p i r a t o r y  and mucous membrane i r r i t a t i o n ,  and 
organophosphate-pesticide entrainment .  

b) "Stuffy" bu i ld ings  is a term f o r  t hewt igh t -bu i ld ing  syndrome" a s soc i a t ed  
with odors  o r  i r r i t a n t s .  Seve ra l  f a c t o r s  a r e  thought t o  p l ay  a r o l e  i n  i t s  
e t i o logy ;  decreased a i r  f i l t r a t i o n  r a t e s  i n  energy e f f i c i e n t  modern 
bui ld ings ;  decreased i n t a k e  of outdoor a i r  because of energy conserva t ion ;  
increased  l e v e l s  of hydrocarbons and formaldehyde; off-gassing of formaldehyde 
and o t h e r  subs tances  from o f f i c e  f u r n i t u r e ;  and r e g u l a r  o f f i c e  contaminants 
( p a r t i c u l a t e s  and ammonia from c o p i e r s ,  e t c ) .  Symptoms inc lude  eye and mucous 
membrane i r r i t a t i o n ,  na sa l  s t u f f i n e s s ,  and f a t i g u e .  

c )  "Moldy" bu i ld ings  may be a s soc i a t ed  w i th  acu t e ,  subacute ,  o r  chronic  
i n f i l t r a t i v e  lung d i s e a s e  (Parkes ,  1982). Acute d i s e a s e  has  been seen wi th  a 
high a t t a c k  r a t e  of a l l e r g y  f o u r  t o  s i x  hours a f t e r  exposure,  and a s soc i a t ed  
p r imar i l y  wi th  water  sumps (such a s  home humid i f i e r s  and r e c i r c u l a t i n g  sumps 
i n  "air-washers",  a kind of cool ing  system) (Edwards & Cockroft ,  1981). 
Subacute d i s e a s e  has  been seen wi th  lower a t t a c k  r a t e s ,  r ecu r r en t  symptoms 
wi th  p e r i o d i c i t y  throughout t h e  work-week (peak occurrence of symptoms has  
been seen on both Mondays and F r idays ) ,  and symptoms such a s  d i a r rhoea  and 
a r t h r a l g i a s .  The chronic  form occurs  w i th  an  i n s i d i o u s  onse t ,  low a t t a c k  
r a t e s ,  and, a s  t h e  above two, c o n s t i t u t i o n a l  ( f e v e r ,  c h i l l s ,  myalgias ,  
headaches,  nausea) and r e s p l r a t o r y  (cough, ches t - t i gh tnes s ,  and wheezing) 
symptoms. Subacute and 

John Simon and Tom Waters were CO-inves t iga tors  on the  outbreak a f t e r  which 
t h i s  ca se  s tudy was designed. 



chronic  d i s e a s e  may be d i f f i c u l t  t o  diagnose and even t o  a s s o c i a t e  with a n  
occupat ional  si te because of t h e  low a t t ack - ra t e s ,  t h e  l a c k  of obvious 
temporal r e l a t i o n  t o  working, and t h e  l a c k  of s p e c i f i c i t y  of l abo ra to ry  
i n v e s t i g a t i o n s ,  such a s  white  c e l l  counts  and spirometry. Although humidi f ie r  
f eve r  and h y p e r s e n s i t i v i t y  pneumonitis present  with t h e  same symptoms, some 
authors  have atempted t o  d i s t i n g u i s h  between them. P icker ing  (1982) l is ts  
t h r e e  d i s t i ngu i sh ing  c h a r a c t e r i s t i c s :  humidi f ie r  f e v e r  i s  a s soc i a t ed  wi th  
normal ches t  x-rays,  with h igher  a t t a c k  r a t e s ,  and wi th  a l ack  of long-term 
e f f e c t s .  Some authors  a t t r i b u t e  t h e  d i f f e r e n c e s  more t o  t he  s e t t i n g  i n  which 
d i s e a s e  i s  de t ec t ed  than  t h e  d i s e a s e s  themselves. Humidifer f e r v e r  may be 
de t ec t ed  e a r l i e r  i n  groups of o f f i c e  workers than  h y p e r s e n s i t i v i t y  pneumonitis 
i n  more i n d u s t r i a l  s e t t i n g s ,  a s  o f f i c e  workers may complain a s  a group. Thei r  
d i sease  may then  not progress  enough t o  present  wi th  abnormal ches t  x-rays. 
Chronic s eque l l ae  and abnormal c h e s s t  x-rays a r e  wel l  descr ibed  i n  ca se  
r e p o r t s  of humidi f ie r  fever .  For t hese  reasons epidemiology becomes more 
important.  

Exposure t o  organisms (such  a s  fung i )  from o u t s i d e  t h e  bui ld ing  and 
d isseminat ion  through a v e n t i l a t i o n  system could lead t o  a s i m i l a r  epidemic 
pa t t e rn .  

A l l  of t h e  above cons ide ra t ions  must be d i f f e r e n t i a t e d  from " h y s t e r i c a l "  
outbreaks by symptomalotogy and epidemic curve c h a r a c t e r i s t i c s .  

Several  f a c t o r s  play a r o l e  i n  respec t  t o  bui ld ings  (Kre i s s ,  1984) and 
t h e i r  cons t ruc t ion :  

a )  Age of the  bui ld ing  and d a t e s  of remodeling; outdoor a i r  i n f i l t r a t i o n  
r a t e s ;  age of t h e  v e n t i l a t i o n  system: 

b) S t ruc tu re  of the v e n t i l a t i o n  system (Hughes, 1986): cool ing  tower; c losed  
system cool ing  c o i l s  o r  spray  washer; humidi f ica t ion  p o s s i b i l i t i e s ;  
l o c a t i o n  of outdoor a i r - i n t ake ;  r e l a t i v e  humidity of t h e  a i r  i n  t h e  
workplace; contamination of t h e  v e n t i l a t i o n  system wi th  pools  of water  
under t h e  cool ing  banks o r  f a n s  and water leakage i n t o  t h e  HVAC (Heat ing,  
Ven t i l a t i on ,  A i r  Condit ioner)  system: 

c )  Process-changes wi th in  t h e  bui ld ing:  exposure t o  new rug shampoos; machine 
exhaust ;  a i r  f r e shene r s ;  p a i n t s ;  unusual weather occurrences.  

PART 1 
Answer 1 

The working hypotheses a r e :  
a )  That t h e  agent  i s  a i rbo rne  v i a  t h e  bui ld ing  v e n t i l a t i o n ;  
b) That t he  outbreak i s  communicable between employees; and 
c )  That t h e  epidemic i s  psychogenic i n  o r i g i n .  

Answer 2 
Hypothesis ( l a )  might be supported i f :  

a )  Attack-rates  d i f f e r e d  i n  po r t ions  of t h e  bui ld ing  suppl ied by d i f f e r e n t  
v e n t i l a t i o n  systems, i . e .  on d i f f e r e n t  f l o o r s ;  

b) I f  a t t a c k  r a t e s  were lower among persons s i t t i n g  next  t o  open windows, 
wi th  an o u t s i d e  source of a i r ;  

c )  I f  serum p r e c i p i t a t i n g  an t ibod ie s  could be de tec ted  among persons i n  
po r t ions  of t h e  bui ld ing  suppl ied by t h e  suspect  v e n t i l a t i o n  system, but 
not i n  s e c t i o n s  suppl ied  by d i f f e r e n t  v e n t i l a t i o n ;  o r  



d )  I f  a pathogenic agent could be i s o l a t e d  from t h e  v e n t i l a t i o n  system i n  
t h a t  p a r t  of t he  bui ld ing  wi th  repor ted  h e a l t h  problems, but not from 
non-affected a reas .  

Hypothesis ( l b )  would be supported i f  secondary cases  were occurr ing  among 
family members o r  nonoccupational c o n t a c t s  who d id  not use  t h e  bui ld ing .  

The 'mass psychogenic' o r  'nonorganic'  hypothesis  i s  o f t e n  invoked when no 
o the r  explana t ion  i s  a v a i l a b l e .  I n  mass psychogenic outbreaks t h e r e  a r e  o f t e n  
t r i g g e r  even t s  t h a t  p r e c i p i t a t e  group concern, o f t e n  of a wide v a r i e t y  of 
extreme sub jec t ive  complaints without  o b j e c t i v e  accompaniment. The symptoms 
a r e  u sua l ly  non-specific (headaches, d i z z i n e s s ,  nausea) o r  s i m i l a r  t o  those 
a s soc i a t ed  wi th  hype rven t i l a t i on .  Although usua l ly  sudden i n  onse t  and o f t e n  
severe ,  they may occur a f t e r  leav ing  the  workplace and p e r s i s t  i nappropr i a t e ly  
long. The presence of "powerful" s o c i a l  f i g u r e s  who become ill f i r s t ,  
t ransmiss ion  by " s igh t  o r  sound", and a n  e leva ted  a t t a c k  r a t e  among women a r e  
o f t e n  seen. I n  t h i s  case ,  confirmation of f e v e r  and of t h e  cons is tency  of 
reported symptoms, inc luding  muscle aches and ches t  t i g h t n e s s ,  m i t i g a t e  
aga ins t  t h i s  hypothesis .  A s  women may complain of symptoms a t  lower l e v e l s  of 
exposure than men, e x t e r n a l  comparisons a r e  necessary. Th i s  l a s t  
c h a r a c t e r i s t i c  does remain t o  be va l ida t ed .  

c e n t r e ,  which m i t i g a t e s  a g a i n s t  a v e n t i l a t i o n  conducted agent .  IIowever, t h e  
d a t a  showing t h e  d e f i c i t  i n  t he  computer a r e a  sugges ts  an  a i rbo rne  problem. 
The d a t a ,  demonstrating a h igher  a t t a c k  r a t e  i n  t h e  periphery with windows 
closed a s  compared t o  open, a l s o  i n d i c a t e s  an  a i rbo rne  problem. The d a t a  on 
sex d i f f e r e n t i a l  i n  t h e  per iphery  may support ,  i n  some s tuden t s  minds t h a t  t h e  
outbreak i s  not mass psychogenic, but t hese  s tuden t s  would have t o  have 
prejudged women t o  be a t  h igher  r i s k  of mass psychogenic i l l n e s s .  This  may 
represent  more s t e r eo type  than  r igorous  observat ion.  

PART 3 
Answer 4 

Twenty and f i v e  cubic f e e t  pe r  minute per  person,  r e spec t ive ly ,  a r e  
recommended by t h e  American Soc ie ty  of Heating, Re f r ige ra t ing ,  and 
Air-Conditioning Engineers ,  Inc. i n  s tandard 62-81 ( V e n t i l a t i o n  f o r  Acceptable 
Indoor A i r  Qual i ty)  i n  a r e a s  wi th  smoking and without  smoking (McNall, 1981). 

Answer 5 
Moisture content  of a i r  and temperature i n t e r a c t ;  lower a i r  temperature 

al lows l e s s  water  conten t  f o r  t h e  same r e l a t i v e  humidity, o r  s c i e n t i f i c a l l y ,  
a s  t he  dry bulb temperature of a i r  i s  lowered t o  the  wet bulk temperature the  
r e l a t i v e  humidity i nc reases .  This  occurs  i n  air-washers and a t  t h e  c h i l l e r  

m deck of c losed system a i r -condi t ioners .  A high  r e l a t i v e  humidity i n  t he  



presence of condensed water  i n  a i r -handl ing  u n i t s  promotes t h e  growth of 
microorganisms. It i s  not  c l e a r  what makes ou tbreaks  of h y p e r s e n s i t i v i t y  
pneumonitis (HP) occur.  The exp lana t ions  i nc lude  s e n s i t i z a t i o n  t o  organisms 
(Schatz ,  e t  a l .  1979),  and exposure t o  h igh  l e v e l s  of organisms without  
s e n s i  t i z a t i o n .  Sensi t i z a t i o n  of i n d i v i d u a l s  has  no t  been adequately 
explained.  It i s  c l e a r  t h a t  thermophi l ic  microorganisms are very common (only  
50% of households without HP contained thermophiles  whereas 75% of households 
wi th  HP contained them i n  one s tudy) .  

Answer 6 

Problems i n  bu i ld ings  a r e  commonly caused by carbon-monoxide, 
formaldehyde, off-gassing by p l a s t i c s ,  ozone, and emissions and vapour from 
copy machines. Outbreaks have been a sc r ibed  t o  g l a s s  f i b r e  r e l ea sed  from 
f ib re - i i ned  v e n t t l a t i o n  d u c t s  and t o  rug shampoos. 

PART 4 

Answer 7 

S e l e c t i o n  of c o n t r o l s :  i n  t h i s  ca se  c o n t r o l s  were matched f o r  sex,  r a c e ,  
and age w i th in  f i v e  years .  The age-matching was chosen because a s  persons  
grow o l d e r  they  may be exposed t o  more organisms i n  t h e i r  environment. 

Answer 8 

Calcu la t ing  t h e  p r o b a b i l i t y  of t he  d i s t r i b u t i o n  of p r e c i p i t i n s  involves  
"explora tory  s t a t i s t i c s " .  Although t h e r e  i s  obviously a hypothes i s  being 
t e s t e d ,  t h e  number of hypotheses which a r e  being t e s t e d  makes acceptance of a 
f a l s e l y  p o s i t i v e  r e s u l t  more l i k e l y .  To document s a f e t y  of t h e  bu i ld ing  f o r  
reoccupancy t h e  e t i o logy  must be known a s  otherwise i t  i s  impossible  t o  show 
e r a d i c a t i o n  of t h e  d i s ea se .  Often bu i ld ings  have been reoccupied without  
documentation: some of t he se  bu i ld ing  have had recur rence  of d i s ea se .  
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CANCER MORTALITY I N  A DIE CASTING 
AND ELECTROPLATING PLANT* 

PART 1 
On 1 March 1980 one of the vice-presidents  of t he  United Automobile 

Workers received t h e  fol lowing l e t t e r  from a  UAW l o c a l  union p re s iden t :  

Dear Brother  . . . . , 
Enclosed you w i l l  f i n d  the  r e s u l t s  of a  r e c e n t l y  conducted s tudy  
involv ing  t h e  Mor t a l i t y  Rate of members of our  Local Union, between 
January 1, 1974 and December 31, 1978. 

A s  t h e  evidence i n d i c a t e s ,  i n  t h i s  f ive-year  s tudy,  our  members have 
wi th in  t h e i r  midst a  s e r i o u s  h e a l t h  problem. I n  view of t he  
magnitude of t h e  s i t u a t i o n ,  I would recommend t h a t  app ropr i a t e  
a u t h o r i t i e s  be n o t i f i e d  of the  r e s u l t s  of t h i s  s tudy  ...." 

The accompanying r epor t  s t a t e d  t h a t  "It was i n  1977 I f i r s t  became 
suspic ious  of t he  m o r t a l i t y  r a t e  among my fe l low p l a n t  workers. A h ighe r  t h a n  
normal cancer  r a t e  seemed t o  be claiming many co-workers a t  a  r e l a t i v e l y  young 
age. ..I decided t o  research  Local Union records  i n  a n  at tempt  t o  i d e n t i f y  
members, both a c t i v e  and r e t i r e d ,  who had died."  

Using n o t i f i c a t i o n  l e t t e r s  provided by the  employer upon the  dea th  of any 
union member, t h e  l o c a l  union p re s iden t  developed a  comprehensive f ive-year  
l i s t  of every employee who died between 1 January 74 and 31 December 78. With 
t h i s  l is t  of deceased members, he c o l l e c t e d  from pub l i c  records a l l  225 dea th  
c e r t i f i c a t e s  f o r  ana lys i s .  

Rased on h i s  subsequent c a l c u l a t i o n s ,  " the  alarming f a c t  t h a t  cancer  was 
t h e  leading  cause of dea th  among employees" was determined and it was 
concluded t h a t  t h i s  evidence ind ica t ed  "abnormally h igh  cancer  dea th  r a t e s . "  

It was recommended t h a t  a  p o s i t i v e  approach t o  c o r r e c t i n g  t h e  s i t u a t i o n  
must be i n i t i a t e d  immediately, c a l l i n g  f o r  s t rengthened p l an t  maintenance 
programmes, i n s t a l l a t i o n  of new a i r  c l e a n e r s ,  a  programme t o  i d e n t i f y  known 
carcinogens and t o  educate  employees about t h e i r  hazards,  yea r ly  phys i ca l  
examinations, and a  s e r i e s  of follow-up i n v e s t i g a t i o n s .  

Within days copies  of t he  l e t t e r  and r epor t  were i n  t he  hands of the  
employer, t h e  S t a t e  Department of Publ ic  Health,  NIOSH and seve ra l  
newspapers. A s t o r y  i n  t he  D e t r o i t  News was headl ined "Metal p l a n t  a  cancer  
suspect ."  It s t a t e d  t h a t  "A UAW l o c a l  p re s iden t  who has  spent  more than  a  
year  pouring over dea th  c e r t i f i c a t e s  and m o r t a l i t y  t a b l e s  has  submitted a  
r epo r t  t h a t  contends t h a t  cancer  dea ths  among workers a t . . . . a  meta l  hardware 
and s e a t  b e l t  p l an t  here  may be twice the  n a t i o n a l  average." 

* By Michael S i l v e r s t e i n ,  1983; r ev i sed  1985. m 



Ques t ion  1 
a )  I f  you had been t h e  S t a t e  Heal th  Department r e p r e s e n t a t i v e  assigned t o  

i n v e s t i g a t e  t h i s  s i t u a t i o n ,  what course of a c t i o n  would you have taken? 
Who a r e  t h e  i n t e r e s t e d  p a r t i e s  wi th  whom you would need t o  t a l k ?  

b) How would you go about e s t a b l i s h i n g  l i n e s  of a u t h o r i t y ,  channels  of 
communication, and a r e a s  of r e s p o n s i b i l i t y ?  

PART 2 

For each  of t he  225 d e a t h  c e r t i f i c a t e s  i n  t h e  s tudy ,  t he  cause of dea th  
had been coded i n t o  1 5  c a t e g o r i e s .  Cancer dea ths  were f u r t h e r  coded by 
s p e c i f i c  s i te.  The propor t ion  of dea ths  i n  each ca tegory  was c a l c u l a t e d  and 
presented f o r  t h e  group a s  a  whole, a s  w e l l  a s  s e p a r a t e l y  f o r  subgroups 
def ined  by sex,  r ace  and y e a r  of dea th .  For example: 

Immediate cause  of d e a t h  by ca t ego ry  
t o t a l  dea ths  = 225 

Cause Number 

Cancer 82 
Heart  d i s e a s e  7 8 
Alcohol i sm/c i r rhos i s  1 3  
Hyper tens ion ls t roke  9 
Pneumonia 9 
Suic ide  8 
Emphysema 6 

Percent  age 

Immediate cause  of d e a t h  by cancer  s i t e  
male, t o t a l  s u b j e c t s  = 61 

S i t e  Number Percent  

Lung 
Throat 
P r o s t a t e  
Pancreas 
Stomach 
Lymphatic 

Question 2 
a )  This  p o r t i o n  of t he  l o c a l  v i ce -p re s iden t ' s  a n a l y s i s  is  conceptua l ly  

s i m i l a r  t o  one, of t h e  s tandard  methods i n  occupat iona l  h e a l t h  
epidemiology. ', What type  of a n a l y s i s  is  t h i s ?  

b) How might a n  ep idemiologis t  have approached t h i s  d i f f e r e n t l y ?  



The approximate average yea r ly  number of a c t i v e  and r e t i r e d  union members 
between 1974-1978 was determined. Using t h i s  a s  an  e s t ima te  of t h e  number of 
workers a t  r i s k ,  the  annual dea th  r a t e s  were ca l cu la t ed  by sex per  100 000 
persons f o r  a l l  causes  of dea th ,  a l l  cancer  and t e n  s p e c i f i c  cancer  s i t e s .  
These were compared wi th  US n a t i o n a l  r a t e s  f o r  1974-1975. For example: 

Death r a t e s  per  100 000 popula t ion  - males 

US r a t e s  Estimated union r a t e s  
Cause 1974-1975 5 Year average Rat io  

A I 1  causes 890 
A l l  cancer  159 
Lung cancer  51 
Throat cancer  5 
P r o s t a t e  cancer  14 
Stomach cancer  7 

a )  This po r t ion  of the  l o c a l  Union a n a l y s i s  is  conceptua l ly  s i m i l a r  t o  
another  of t h e  s tandard methods i n  occupat iona l  h e a l t h  epidemiology. 
What type of a n a l y s i s  is  t h i s ?  

b) How might an  epidemiologis t  have approached i t  d i f f e r e n t l y ?  

Question 4 

a )  Do you agree  t h a t  p o s i t i v e  a c t i o n  "must be i n i t i a t e d  immediately?" 

h) Was t h e r e  s u f f i c i e n t  evidence t o  a c t  on t h e  l o c a l  Union's s p e c i f i c  
recommendat ions?  

c )  What would you have proposed? 

Here is  the  way t h a t  two d i f f e r e n t  s c i e n t i s t s  reac ted  t o  the  r epo r t :  

a )  D r .  X. s a id  he has problems wi th  the  s tudy because it does not 
con ta in  enough d e t a i l  and back-up information.  He s a i d  " the re  may 
a l s o  be problems with some of t h e  comparisons .... The study a l s o  
does not take i n t o  account f a c t s  r e l evan t  t o  the  incidence of 
cancer ,  such a s  smoking, d i e t  o r  family h i s to ry . "  

b) D r .  Y.  s a i d ,  "There a r e ,  t o  be su re ,  s e v e r a l  t echn ica l  and 
methodological problems with the  r e p o r t ,  but b a s i c a l l y  i t  i s  r i g h t  
on the  mark. There i s  no ques t ion  t h a t  we need t o  g ive  i t  s e r i o u s  
and  prompt a t t e n t i o n . . . .  Whatever happens t o  t h i s  s i t u a t i o n ,  we 
should not l o se  s i g h t  of the  i n i t i a t i v e ,  c r e a t i v i t y  and s k i l l .  . ." 



Question 5 
Which of t he se  comments most c l o s e l y  r e f l e c t s  your own responses  t o  t h e  

s i t u a t i o n  a s  i t  has  been presen ted  and why? 

Copies of t h e  225 d e a t h  c e r t i f i c a t e s  were provided t o  t h e  UAW Hea l th  and 
S a f e t y  Department and t o  t h e  Michigan Department of Pub l i c  Health s o  t h a t  t h e  
c a l c u l a t i o n s  could be checked and r e f ined .  

Question 6  
a) What kind of a n a l y s i s  could have been done most quickly? 

b) What o t h e r  ana lyses  might have been cons idered?  

PART 3  
The UAW decided t o  conduct a  p ropor t i ona t e  m o r t a l i t y  a n a l y s i s .  The s tudy  

group was p r e c i s e l y  def ined;  a s  a l l  those  hour ly  employees and r e t i r e e s  wi th  
a t  l e a s t  t e n  yea r s  of c r e d i t e d  pension s e r v i c e  i n  t he  p l a n t  who died between 
1 January 1974 and 31 December 1978. The union dea th  r o s t e r  was checked 
a g a i n s t  t he  company records  i n  an  e f f o r t  t o  v e r i f y  t h e  completeness and 
accuracy of t h e  s tudy  group, which u l t i m a t e l y  numbered 238. 

Death c e r t i f i c a t e s  were coded f o r  under ly ing  cause of dea th  by a 
noso log i s t .  The company provided job h i s t o r y  records  which were used t o  
determine t h e  t o t a l  yea r s  of p l a n t  s e r v i c e  and t h e  t i m e  between h i r f n g  and 
dea th  f o r  each decedent .  

The numbers of dea ths  from s p e c i f i e d  causes  f o r  groups def ined  by sex ,  
r ace ,  age, and year  of dea th  were determined. These were compared wi th  t h e  
numbers of dea ths  expected, based on t h e  t o t a l  number of dea ths  and the  
propor t ions  due t o  each cause i n  US n a t i o n a l  and s t a t e  m o r t a l i t y  s t a t i s t i c s .  
Some of t he  key f i n d i n g s  were a s  fo l lows:  

Propor t iona te  m o r t a l i t y :  whi te  men 
Observed Expected Expected 

Cause number percentage  number 
Heart  6  2  0.39 
S t roke  9  0.06 
Respi ra tory  14 0.06 
Diges t i ve  1 0  0.05 " 
Accident S 

A l l  cancer  

Proport  i ona t e  
m o r t a l i t y  r a t e  

Cancer, lung 2 8 0.09 
Cancer, l a rynx  2  0.004 
Cancer, stomach 4  0.009 
Cancer, pancreas  3  0.013 

T o t a l  172 



• Question 7 

a )  Calcu la te  t h e  expected number of dea ths  and t h e  r a t i o  of observed/expected 
i n  each category.  

b) What do the  f ind ings  t e l l  you about d i sease  occurrence i n  t h i s  p l an t?  
c )  What don ' t  they  t e l l  you? 

Propor t iona te  m o r t a l i t y  r a t i o s  were a l s o  determined f o r  lung cancer  among 
white males according t o  t he  l eng th  of p l a n t  s e r v i c e  and according t o  t h e  
l e n g t h  of time between h i r e  and death:  

Propor t iona te  m o r t a l i t y  (PMR) by years  of s e r v i c e  
lung cancer  - white  males 

Numbe r Numbe r 
Years Observed Expected PMR - 

Propor t iona te  m o r t a l i t y  by years  s i n c e  h i r e  
lung cancer  - white  males 

Numbe r 
Years Observed 

Ouestion 8 

Numbe r 
Expected PMR - 

a )  How do you i n t e r p r e t  t hese  r e s u l t s ?  
b) Do they support  t h e  hypothes is  t h a t  t h e r e  i s  a work-related cancer  

excess  i n  t h i s  p l a n t ?  
c )  D o  they  confirm t h i s  hypothesis?  

Question 9 

a )  What i s  the  "hea l thy  worker e f f e c t ? "  
b) Could t h i s  exp la in  t h e  apparent  excess  i n  cancer  mor t a l i t y?  
c )  What would argue f o r  and a g a i n s t  such a n  explanat ion? 

What q u a n t i t a t i v e  method i s  a v a i l a b l e  which might shed l i g h t  on t h i s ?  



Question 10  
The p ropor t iona l  m o r t a l i t y  r e s u l t s  t e l l  us  nothing about t h e  m o r t a l i t y  

r a t e s  among t h e  popula t ion  a t  r i s k .  What epidemiological  method might be used 
t o  determine t h i s ?  S imi l a r ly ,  the  p ropor t iona l  m o r t a l i t y  r e s u l t s  t e l l  u s  
nothing about t h e  a s s o c i a t i o n  of cause-spec i f ic  m o r t a l i t y  with p a r t i c u l a r  work 
experience i n  t h i s  p l an t .  What methods might be used t o  examine t h i s ?  

PART 4 
The study p l an t  was b u i l t  i n  1953 t o  manufacture small  hardware and t r i m  

components of automobiles.  During t h e  1950s and 1960s these  p a r t s  were 
l a r g e l y  made of z inc ,  a l loyed  wi th  4% aluminum i n  f l o o r  furnaces.  Molten 
metal  w a s  t r a n s f e r r e d  t o  d i e  c a s t i n g  machines and i n j e c t e d  under p re s su re  i n t o  
s t e e l  d i e s .  The cooled c a s t i n g s  were then trimmed, buffed and pol ished p r i o r  
t o  e l e c t r o p l a t i n g  with success ive  a p p l i c a t i o n s  of copper,  n i c k e l  and chrome. 
Since 1971 o t h e r  ope ra t ions ,  inc luding  urethane p l a s t i c s  f a b r i c a t i o n ,  had been 
s u b s t i t u t e d  f o r  much of t h e  p l a t i n g  and d i e  c a s t i n g .  

The p l an t  was one of the  world' S l a r g e s t  p l a t i n g  and d i e  c a s t i n g  
f a c i l i t i e s  with peak employment of 7500 hourly workers i n  t h e  l a t e  1950s, 
dropping t o  a n  average of about 3300 s i n c e  the  l a t e  1960s. 

Union records  show t h a t  workers had expressed concern over  t h e  yea r s  about 
t h e  m i s t s  generated by the  p l a t i n g  ope ra t ions  and the  smoky emissions r e l ea sed  
from d i e  c a s t i n g  machines when hot  meta l  h i t  l u b r i c a n t s  and hydraul ic  o i l s .  
There had been very l i t t l e  engineering c o n t r o l  of t hese  exposures u n t i l  the 
l a t e  1960s when l o c a l  exhaust v e n t i l a t i o n ,  machine enc losures  and 
mechanization began t o  be g radua l ly  added. 

Very l i t t l e  q u a n t i t a t i v e  chemical exposure informat ion  was a v a i l a b l e .  
Severa l  b rea th ing  zone a i r  samples f o r  chromic a c i d  i n  t h e  1960s ind ica t ed  
l e v e l s  from one t o  f i v e  t imes t h e  c u r r e n t  OSHA permiss ib le  exposure l i m i t  of 
100 ug/m3 i n  t he  p l a t i n g  departments.  These l e v e l s  were c o n s i s t e n t  wi th  
r e p o r t s  i n  p l a n t  medical records  of chrome u l c e r s  and per fora ted  nasa l  s ep ta .  
Severa l  a i rbo rne  chromic a c i d  l e v e l s  i n  1978 were l e s s  than  one-half t h e  
permiss ib le  exposure l e v e l .  

The UAW conducted a  case  c o n t r o l  a n a l y s i s  t o  t e s t  t h e  poss ib l e  a s s o c i a t i o n  
of lung cancer  m o r t a l i t y  with work experience i n  s p e c i f i c  p a r t s  of t h e  p l a n t .  
Lung cancer  c a s e s  were compared wi th  s tudy  populat ion c o n t r o l s ,  who had d ied  
of nonmalignant card iovascular  d i sease .  Cases and c o n t r o l s  were examined f o r  
l eng th  of employment i n  i nd iv idua l  departments.  Odds r a t i o s  were used t o  
approximate t h e  r e l a t i v e  r i s k  of lung cancer  m o r t a l i t y  f o r  workers employed i n  
those departments where d i e  c a s t i n g  o r  p l a t i n g  had been done. 

For t h e  white  males t h e r e  were t h r e e  departments f o r  which t h e  odds r a t i o  
increased  with du ra t ion  of exposure. The t rend  was most marked i n  Department 
5, one of t h e  major d i e  c a s t i n g  and p l a t i n g  a r e a s  i n  t h e  p l a n t .  The odds 
r a t i o  of 9.17 f o r  those  who worked f i v e  o r  more years  i n  t h i s  department was 
s t a t i s t i c a l l y  s i g n i f i c a n t .  However, t h e  case  c o n t r o l  f i n d i n g s  lacked s t rong  
i n t e r n a l  cons is tency .  Department 6, f o r  example, was s i m i l a r  t o  Department 5, 
y e t  t h e r e  was no inc reas ing  r e l a t i v e  r i s k  with d u r a t i o n  of work. 



Question 11 

There were no wa l l s ,  p a r t i t i o n s  o r  o t h e r  phys i ca l  b a r r i e r s  s epa ra t ing  one 
department from another  i n  t h i s  p l a n t .  How might t h i s  have a f f e c t e d  t h e  case  
c o n t r o l  a n a l y s i s ?  

The UAW concluded t h a t  t he  only r e spons ib l e  course of a c t i o n  g iven  t h e s e  
f ind ings  was t o  cons ider  t h i s  s tudy presumptive evidence of a  work-related 
cancer  i nc rease  u n t i l  and un le s s  proved otherwise.  The union t h u s  requested 
t h a t  engineering c o n t r o l s  be improved t o  reduce a l l  a i r  contaminants 
a s soc i a t ed  wi th  d i e  c a s t i n g  and p l a t i n g ,  d e s p i t e  t he  f a c t  t h a t  t he  case  
c o n t r o l  a n a l y s i s  was not completely conclus ive  and d id  not i d e n t i f y  a  s p e c i f i c  
carcinogen. A vo luntary  programme of medical s u r v e i l l a n c e  f o r  t h e  e a r l y  
d e t e c t i o n  of lung cancer  was i n i t i a t e d .  Chest x-rays and sputum cytology 
t e s t s  were o f f e red  t o  employees fol lowing educa t ion  expla in ing  the  medical 
b e n e f i t s  l i m i t a t i o n s  and r i s k  of t hese  procedures.  The company arranged f o r  a  
research  group t o  conduct a  cohort  m o r t a l i t y  s tudy of t h i s  p l an t .  

Ouestion 12 

a )  Do you agree  t h a t  t he  evidence was compelling enough t o  warrant p r o t e c t i v e  
a c t i o n s  f o r  workers. 

b) \?hat do you th ink  of the  p r i n c i p l e  of "presumptive ac t ion?"  

e c )  Does t h e  f a c t  t h a t  r e c e n t l y  measured chemical exposures i n  t h i s  p l a n t  were 
wi th in  l e g a l l y  al lowable l i m i t s  mean t h a t  a d d i t i o n a l  i n d u s t r i a l  hygiene 
c o n t r o l s  were unnecessary? 

Ouestion 1 3  

a )  Is e a r l y  d i sease  d e t e c t i o n  through sputum cytology t e s t i n g  l i k e l y  t o  
reduce lung cancer  m o r t a l i t y  i n  a  h igh- r i sk  group? 

' b )  Is t h i s  type of s u r v e i l l a n c e  warranted i f  i t s  impact on m o r t a l i t y  has  not 
been c l e a r l y  demonstrated? 





INSTRUCTOR' S  NOTE S  

CANCER MORTALITY I N  A DIE CASTING 
AND ELECTROPLATING PLANT 

Summary 

This  e x e r c i s e  desc r ibes  how members of an automobile workers union 
recognized an  excess  of cancer  dea ths  us ing  a  p ropor t i ona t e  m o r t a l i t y  
a n a l y s i s .  There a r e  two purposes t o  t he  exe rc i s e .  The f i r s t  i s  t o  encourage 
s t u d e n t s  t o  t h i n k  about t h e  o r g a n i z a t i o n a l  and p o l i t i c a l  con tex t s  i n  which 
pub l i c  h e a l t h  i n v e s t i g a t i o n s  i n v a r i a b l y  occur.  The second is  t o  i l l u s t r a t e  
t h e  bas i c  des ign  of a  p ropor t i ona t e  m o r t a l i t y  s tudy ,  and t o  s t i m u l a t e  
d i s cus s ion  about t h e  merits of d i f f e r e n t  types  of s tudy  design.  

PART 1 

Answer 1 

a  Before embarking on t h e  s c i e n t i f i c  work of s tudy  des ign  and d a t a  
a n a l y s i s ,  i t  i s  prudent t o  i d e n t i f y  and communicate wi th  t h e  persons and 
o rgan iza t ions  who have an i n t e r e s t  i n  t h e  s i t u a t i o n .  Groups w i th  
immediate r e s p o n s i b i l i t y  f o r  t h e  problem inc lude :  

Local union ( i nc lud ing  o f f i c e r s  and h e a l t h  and s a f e t y  r e p r e s e n t a t i v e ) ;  
I n t e r n a t i o n a l  union (bo th  l i n e  s t a f f  and t e c h n i c a l  support  s t a f f ) ;  
P l a n t  management ( h e a l t h  and s a f e t y  s t a f f  and top  admin i s t r a t i on ) ;  
Corporate management (bo th  l i n e  s t a f f  and t e c h n i c a l  support s t a f f ) ;  
NIOSH : 
Federa l  and S t a t e  OHSA; and 
S t a t e  Heal th  Department (which you r e p r e s e n t ) .  

Other p a r t i e s  inc lude :  

Independent s c i e n t i f i c  adv i so r s  t o  company and union; 
Press ;  
C i t i z e n  groups i n  p l a n t  neighborhood; 
Local u n i v e r s i t i e s ;  
Local cancer  soc i e ty ;  and 
Local tumour r e g i s t r y .  

b) I n  t h i s  s i t u a t i o n ,  p a r t i e s  wi th  d ivergent  i n t e r e s t s  have a l r eady  been 
n o t i f i e d .  I t  i s  un l ike ly  t h a t  a l l ,  o r  even a  ma jo r i t y  of t h e s e  groups 
w i l l  choose t o  approach t h e  s i t u a t i o n  c o l l a b o r a t i v e l y .  However, l i n e s  of 
communication can be s imp l i f i ed  i f  t h e r e  i s  a  des igna ted  spokesperson f o r  
each group. An i n i t i a l  meeting t o  determine which governmental agency 
( t h e  S t a t e  Heal th  Department, NIOSH, o r  OSHA) w i l l  be r e spons ib l e  f o r  t h e  
i n v e s t i g a t i o n  w i l l  minimize d u p l i c a t i o n  of e f f o r t .  



PART 2 

Answer 2 

a )  This ,  and ques t ion  (3a )  should lead t o  a  d i scuss ion  of t he  d i f f e r e n c e  
between propor t ions  (which r e q u i r e  only  a  c o l l e c t i o n  of events )  and r a t e s  
(which r e q u i r e  knowledge of t h e  populat ion a t  r i s k  from which t h e  events  
emerged). The Union's a n a l y s i s  so  f a r  i s  t h e  beginning of a p ropor t iona te  
m o r t a l i t y  a n a l y s i s  (PMR). They had c o l l e c t e d  a l l  dea ths ,  and compared the  
propor t ion  of dea ths  due t o  a  s p e c i f i c  cause among t h e  autoworkers wi th  
t h e  propor t ion  observed i n  some unexposed comparison populat ion.  

b  Although t h e  importance of sex and r ace  were c l e a r l y  understood i n  
making p ropor t iona l  m o r t a l i t y  comparisons, t he  technique was not used f o r  
a d j u s t i n g  f o r  age o r  ca lendar  year  of dea th  i n  t h e  way t h a t  a n  
epidemiologis t  would have done. Other improvements would be ( 1 )  t o  code 
underlying r a t h e r  than  t h e  immediate cause of death:  (2 )  t o  s t a t e  t h e  
propor t ions  i n  t h e  comparison popula t ion  and not  only the  exposed). 

I n  t h e  m o r t a l i t y  r a t e  a n a l y s i s ,  t h e  epidemiologis t  would have defined t h e  
populat ion a t  r i s k  t o  be a l l  those  who had worked i n  t h e  p l an t  a t  some time i n  
t h e  p a s t ,  r a t h e r  than simply t h e  p l a n t  popula t ion  dur ing  t h e  years  i n  which 
t h e  dea ths  occurred. 

Answers 3 and 4 

Ask f o r  op in ions  and r e a c t i o n s  from the  c l a s s .  Although t h e r e  a r e  
obviously no " r igh t "  answers, i t  may be poss ib l e  f o r  t h e  c l a s s  t o  reach a  
consensus t h a t  publ ic  h e a l t h  d e c i s i o n s  can r a r e l y  be made on the  b a s i s  of 
unambiguous and conclus ive  s c i e n t i f i c  evidence and t h a t  i t  i s  t h e r e f o r e  
app ropr i a t e  t o  make d e c i s i v e  judgements i n  t he  f a c t  of uncer ta in ty .  Monson 
(1980),  f o r  example, has  argued t h a t  "whereas opinions a s  t o  t h e  meaning of 
any a s s o c i a t i o n  seen i n  epidemiologic d a t a  w i l l  be va r i ed ,  a c t i o n  t o  be taken 
based on t h e  d a t a  must be d e f i n i t i v e . . . .  There i s  no room f o r  equivocat ion.  
I n  t h e  absence of a  c l e a r  c u t  i n t e r p r e t a t i o n  of epidemiologic d a t a ,  a c t i o n  
must be prudent and e r r  on t h e  s i d e  of sa fe ty ."  

Answer 5 

The r e p l i e s  a r e  meant t o  gene ra t e  a  l ist  of the  major types  of s t u d i e s  i n  
occupat iona l  epidemiology: 

Standardized p ropor t iona l  m o r t a l i t y  r a t i o  s t u d i e s ,  
Cohort s t u d i e s  ( e s p e c i a l l y  s tandard ized  m o r t a l i t y  r a t i o ) ,  
Case - c o n t r o l  s t u d i e s ,  
Cross s e c t i o n a l  morbid i ty  i n v e s t i g a t i o n s .  

Answer 6 



PART 3  
Answer 7 

The completed t a b l e  should be a s  fo l lows:  

Propor t iona l  m o r t a l i t y :  White men 

Observed Expected Expected 
Cause number percent  age number 

Heart 6  2  
S t roke  9  
Respi ra tory  1 4  
Diges t ive  10 

A l l  cancer  53 
Cancer, lung 28 
Cancer, l a rynx  2  
Cancer, stomach 4 
Cancer, pancreas 3  

PMR 
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Answers 8 ,  9 ,  10  
Propor t iona l  m o r t a l i t y  r a t i o s  have inhe ren t  l i m i t a t i o n s .  For example, a  

cause-spec i f ic  PMR can be h igh  al though t h e  m o r t a l i t y  r a t e  f o r  t h i s  cause i s  
low. Also, s i n c e  the  propor t ions  of dea ths  from a l l  causes must always equal  
loo%, a  d e f i c i t  from one cause can produce an  a r t i f a c t u a l  i n c r e a s e  i n  another  
( o r  v i ce  versa) .  

Despi te  t h e s e  l i m i t a t i o n s  t h e  PMR f ind ings  i n  t h i s  s tudy pointed toward a  
work r e l a t e d  cancer  excess.  The lung cancer  PMR, f o r  example, increased  wi th  
inc reas ing  yea r s  of s e r v i c e  and wi th  inc reas ing  years  s i n c e  s t a r t i n g  a t  t he  
firm. These apparent  t r ends  should not  be over - in te rpre ted .  The years  of 
s e r v i c e  PMRs of 1.65 and 2.09 a r e  not r e l i a b l y  d i f f e r e n t  from each o the r ;  
t h e i r  95% confidence i n t e r v a l s  overlap.  Also, PMRs a r e  dependent upon t h e  age 
d i s t r i b u t i o n s  of t h e  decedent group and cannot be d i r e c t l y  compared wi th  one 
another ,  un le s s  t h e s e  age d i s t r i b u t i o n s  a r e  s i m i l a r .  These f ind ings ,  i n  o t h e r  
words, a r e  c o n s i s t e n t  wi th  but do not prove a  work-related problem. 

There i s  a d d i t i o n a l  i n d i r e c t  support f o r  t h e  view t h a t  t h e  cancer  excesses  
a r e  work r e l a t e d  i n  t h a t  the  da t a  a r e  not c o n s i s t e n t  wi th  some of the  p o s s i b l e  
non-work e t i o l o g i e s .  I f ,  f o r  example, t h e  cancer  PMR was e leva ted  simply as a  
r e f l e c t i o n  of a  lowered m o r t a l i t y  from card iovascular  d i s e a s e  i n  an 
e s s e n t i a l l y  hea l thy  group of workers,  t h e  d i s t r i b u t i o n  of cancer  among va r ious  
s i t e s  would not be a f f ec t ed .  I n  t h i s  group, however, lung cancer  dea ths  were 
found d i sp ropor t iona te ly  o f t e n  i n  comparison wi th  o t h e r  cancer  dea ths .  A 
q u a n t i t a t i v e  measure of t h i s  i s  t h e  Propor t iona l  Cancer Mor t a l i t y  Rat io.  



PART 4 

Answer 11 
The absence of phys i ca l  b a r r i e r s  could a f f e c t  ca se  c o n t r o l  f i n d i n g s ,  i f  

t h e r e  were a i r b o r n e  carcinogens i n  t h e  p l a n t  which were no t  confined t o  
s p e c i f i c  departments.  Under t h e s e  circumstances t h e  a s s i g m e n t  of exposures  
according t o  department would r e s u l t  i n  m i s c l a s s i f i c a t i o n s  i n s o f a r  a s  
departments which were t r e a t e d  a s  unique environments might i n  f a c t  share  
exposures.  This  would push t h e  odds r a t i o s  toward a  va lue  of one, 
underest imat ing any excess  r e l a t i v e  r i s k  which was a c t u a l l y  presen t .  A 
p r e f e r a b l e  way t o  conduct t h e  a n a l y s i s  would have been t o  a s s i g n  exposures - 

based on a c t u a l  measurements of a i rbo rne  chemicals  a t  va r ious  work s t a t i o n s  i n  
t h e  p l a n t  a t  s p e c i f i c  p o i n t s  i n  time. This ,  however, was not  p o s s i b l e  g iven  
t h e  a v a i l a b l e  d a t a ,  and departmental  assignment was used a s  a n  imperfec t  proxy. 

Answer 12 
Some might argue t h a t  t h e  f i n d i n g s  from t h i s  p l a n t  should be considered 

j u s t  p re l iminary  and t h a t  a d d i t i o n a l  epidemiology i s  t h e  only app rop r i a t e  
follow-up. The r a t i o n a l e  f o r  such a  view might be t h a t  a  s p e c i f i c  carcinogen 
was no t  i d e n t i f i e d ,  t h a t  some of t h e  r e s u l t s  were no t  s t a t i s t i c a l l y  
s i g n i f i c a n t ,  t h a t  t h e  r e s u l t s  were not completely c o n s i s t e n t ,  o r  t h e  
conv ic t i on  t h a t  PMRs can only gene ra t e  hypotheses f o r  subsequent t e s t i n g .  

Another view i s  t h a t  d e c i s i o n s  based on any one of t he se  measures should 
not  s u b s t i t u t e  f o r  looking a t  t h e  whole p i c t u r e .  Many ep idemiologis t s  have 
suggested t h a t  dec i s ion  making t ake  s e v e r a l  f a c t o r s  s imultaneously i n t o  
account.  Monson (1980),  f o r  example, cons ide r s  seven c r i t e r i a  t o  be important  
i n  occupat iona l  epidemiology: 

1 .  Consi S tency , 
2 .  S p e c i f i c i t y ,  
3.  St reng th  of a s s o c i a t i o n ,  
4. Dose-response r e l a t i o n s h i p s ,  
5. Coherence (biologicalplausibility), 
6. Temporal r e l a t i o n s h i p s ,  
7. S t a t i s t i c a l  s i g n i f i c a n c e .  

S t a t i s t i c a l  s i g n i f i c a n c e ,  no tab ly ,  i s  only one c r i t e r i a  among many and i t  
may be u s e f u l  t o  d i s c u s s  t h i s  i f  t h e r e  a r e  c l a s s  members who a r e  p a r t i c u l a r  
fond of t he  "p value." What i f ,  f o r  example, t he  p  va lue  f o r  t h e  lung cancer  
PMR of 1.81 had been 0.09 i n s t e a d  of 0.001? 

The p  va lue  i s  j u s t  a  number express ing  the  l i k l i hood  of r e j e c t i n g  t h e  
n u l l  hypothes i s  when i t  i s  a c t u a l l y  t r u e .  S t a t i s t i c a l  s i g n i f i c a n c e ,  however, 
i nco rpo ra t e s  s u b j e c t i v e  judgments r e f l e c t i n g  t h e  degree of confidence t h a t  
s c i e n t i s t s  f e e l  i s  necessary before  being w i l l i n g  t o  s t a t e  a  conclusion o r  t o  
recommend ac t ion .  That t he se  judgments a r e  not immutable s c t e n t i f i c  t r u t h s  
but  embody s i t u a t i o n a l  va lues  can be seen  by not ing  c e r t a i n  i n c o n s i s t e n c i e s  i n  
d e c i s i  on-maki ng behavior . Many s c i e n t i s t s  who would never recommend 
p r o t e c t i v e  a c t i o n s  i n  a  workplace when an observed lung cancer  excess  was 
"only" 80% 1ikel.y t o  a c t u a l l y  be t r u e  would none the less  c a r r y  an umbrella t o  
work i f  t he  morning news repor ted  an 60% l ike l ihood  of r a i n .  



m Answer 13  

It has not  been e s t a b l i s h e d  t h a t  c h e s t  x-rays and sputum cytology can 
reduce lung cancer  m o r t a l i t y  even i n  a h igh  r i s k  group, a l though s u r v i v a l  
t imes might be i nc reased  because of e a r l y  d e t e c t i o n  of some cases .  I n  f a c t ,  
t h e r e  may even be some e x t r a  r i s k  a s soc i a t ed  wi th  t h e  sc reen ing  programme, 
because p o s i t i v e  sputum cytology tests, i nc lud ing  f a l s e  p o s i t i v e s ,  w i l l  o f t e n  
be followed up by bronchoscopy, a hazardous medical  procedure.  I n  view of 
t h e s e  f a c t s  some people would argue t h a t  t h i s  s u r v e i l l a n c e  should not  have 
been undertaken. The dec i s ion  was made t o  presen t  t h e  f a c t s  t o  t h e  employees 
i n  t h i s  p l a n t  and t o  a l l ow  them t o  make t h e i r  own choice.  

Re£ e rence  

Monson, R.R. Occupational epidemiology. Boca Raton, CRC P re s s ,  1980, 219 pp. 





LEUKEMIA I N  NUCLEAR SHIPYARD WORKERS* 
USES AND PITFALLS OF PROPORTIONAL MORTALITY STUDIES 

PART 1 
It i s  1978, and a  Subcommittee on Heal th  and t h e  Environment of t he  US 

Congress has j u s t  ordered t h e  Nat iona l  I n s t i t u t e  f o r  Occupational S a f e t y  and 
Heal th  (NIOSH) t o  i n v e s t i g a t e  a  r e p o r t  of excess  dea ths  from leukemia a t  a  US 
nuc lear  naval  shipyard.  You a r e  ass igned  t o  t h i s  p r o j e c t .  

Concern stems from a r ecen t  ep idemiologica l  f i n d i n g  t h a t  t h e  p ropor t i on  of 
dea ths  from leukemia was 5.6 times h ighe r  among workers a t  t h i s  nuc lear  
submarine r e p a i r  f a c i l i t y  than was expected from US age-spec i f ic  p ropor t i ona l  
m o r t a l i t y  (Najar ian  & Colton, 1978). 

Question 1 

What type  of s tudy  i s  t h i s ?  What i s  t h e  measure of d i s e a s e  ( m o r t a l i t y )  
occurrence t h a t  t h e  i n v e s t i g a t o r s  a r e  comparing between t h e  'exposed' and t h e  
' unexposed ' populat  ions?  

PART 2 
While t r ack ing  down a r e p r i n t  of t h i s  s tudy ,  you t h i n k  back on your 

ex tens ive  midnight read ings  i n  ep idemiologica l  methods and r e c a l l  t h a t  
p ropor t i ona l  m o r t a l i t y  r a t i o  (PMR) s t u d i e s  a r e  f r e q u e n t l y  c o n t r o v e r s i a l  
because of i n t r i n s i c  des ign  l i m i t a t i o n s .  

Ouestion 2 

a )  How does t h e  des ign  of a  PMR s tudy  make i t  an i n t r i n s i c a l l y  i n d i r e c t  way 
t o  a s s e s s  t h e  m o r t a l i t y  experience of a popula t ion?  

b) Under what cond i t i ons  w i l l  t h e  r e s u l t s  be mis lead ing ,  even i f  t h e  s tudy  
i t s e l f  i s  conducted wel l?  

D e s c r i ~ t i o n  of t he  nuc lear  s h i ~ v a r d  worker s tudv  

On reviewing t h e  publ ished r e p o r t ,  you f i n d  t h a t  t h e  i n v e s t i g a t i o n  of 
m o r t a l i t y  among the  shipyard workers was begun and conducted i n  an  unusual  
manner (Najar ian  & Colton, 1978).  One of t h e  i n v e s t i g a t o r s  was a 
hemato logis t ,  who i n  1.977 examined and t r e a t e d  a  nuc l ea r  shipyard worker w i t h  
h a i r y  c e l l  leukemia. The p a t i e n t ,  a  65-year o ld  welder,  had been employed i n  
r e p a i r i n g  nuc l ea r  submarines from 1959-65. Because of t he  known assoc ia t ion**  

* Michael J. Thun & James J. Beaumont, 1983; e d i t e d  1984. 
** Fur the r  in format ion  on t h i s  sub j ec t  was l a t e r  publ ished by ETAS-NRC, 1980. 



between i o n i z i n g  r a d i a t i o n  and leukemia (Anderson 1972; Conard e t  a l .  1975; 
Moden, e t  a l .  1977) ,  t h e  phys i c i an  wished t o  determine whether o t h e r  c a s e s  
were occur r ing  among f e l l o w  shipyard workers. E s s e n t i a l l y  no informat ion  was 
a v a i l a b l e  on which t o  base an  ep idemiologica l  study. Nei ther  t h e  hematologis t  
nor  h i s  co l l eagues  had acces s  t o  personnel ,  o r  exposure (dosimetry)  records  a t  
t h e  shipyard.  They d i d  have acces s  t o  S t a t e  dea th  c e r t i f i c a t e  in format ion .  
They e l e c t e d  t o  review a l l  dea th  c e r t i f i c a t e s  f o r  t h e  years  1959-77 i n  t h e  
t h r e e  S t a t e s  cont iguous t o  t h e  sh ipyard ,  and t o  i d e n t i f y  a l l  of t h e  deceased 
f o r  whom work a t  t h e  naval  shipyard was recorded a s  t h e  "usua l  occupation".  

Question 3 

a )  Do you ag ree  t h a t  a  s i n g l e  ca se  of leukemia i n  a  nuc lear  worker warranted 
f u r t h e r  i n v e s t i g a t i o n ?  

b) Would t h i s  method of a s c e r t a i n i n g  dea ths  among t h e  shipyard workers 
provide r e l i a b l e  d a t a  f o r  a  PMR s tudy?  

c )  Given t h e  d i f f i c u l t y  of ob t a in ing  t h e  dea th  c e r t i f i c a t e s ,  do you f e e l  t h a t  
a  PMR is  i n d i c a t e d  a t  a l l ?  When a r e  PMR s t u d i e s  u se fu l ?  

From t h e i r  review of t he  S t a t e  dea th  c e r t i f i c a t e s ,  t h e  i n v e s t i g a t o r s  
i d e n t i f i e d  1722 c e r t i f i c a t e s  between 1959-77 on which t h e  "usua l  occupation" 
o r  employer was recorded a s  t h e  naval  shipyard.  To f u r t h e r  c l a s s i f y  t h e s e  
deceased workers a s  "nuclear"  o r  "non-nuclear", t hey  then  sought t o  o b t a i n  
a d d i t i o n a l  information.  Th i s  was necessary  because on ly  a n  es t imated  202 of 
t h e  workforce was employed i n  t h e  nuc l ea r  s e c t i o n  of t h e  shipyard.  They 
at tempted t o  do t h i s  by te lephoning t h e  next-of-kin and ask ing  whether t h e  
deceased wore a  r a d i a t i o n  badge. The ques t i ons  were: 

Did you know t h e  deceased? 
Did he work a t  t h e  sh ipyard?  
Did he work wi th  r a d i a t i o n  o r  wear a  r a d i a t i o n  badge while  working? 
What was t h e  cause of dea th?  

To encourage p a r t i c i p a t i o n ,  a  major newspaper r a n  numerous a r t i c l e s  
p u b l i c i z i n g  t h e  s tudy ,  and urg ing  sh ipyard  workers and t h e i r  f a m i l i e s  t o  
p a r t i c i p a t e .  Despi te  t h i s ,  t he  te lephone in t e rv i ews  were completed f o r  on ly  
592 of t h e  deceased (34%). From t h i s  subse t ,  t h e  i n v e s t i g a t o r s  c l a s s i f i e d  146 
of t h e  deceased workers a s  being nuc l ea r ,  and 379 a s  non-nuclear. 

Question 4 

What problems might you a n t i c i p a t e  from t h i s  method of c l a s s i f y i n g  the  
exposure s t a t u s  of t h e  deceased nuc l ea r  sh ipyard  workers? 



PART 3 
Assuming f o r  t he  moment t h a t  t h e  enumeration of exposed deceased shipyard 

workers i s  c o r r e c t ,  you cont inue your review of t h i s  s tudy.  The information 
from a number of t a b l e s  presented jn  t h e  paper by Rinsky and coworkers (1981) 
can be condensed i n t o  t h e  fol lowing format.  This  shows t h e  number of dea ths  
observed and expected from leukemia, from a l l  cancers ,  and from a l l  causes  
among persons c l a s s i f i e d  a s  ' nuc l ea r '  workers. - - 

Number of dea ths  from s e l e c t e d  causes among nuclear  workers 
Observed Expected O/E 

Leukemi a  6 1.1 5.45 

A l l  cancers  5 6 31.5 1.78 

A l l  dea ths  146 

Quest ion  5 

How were the  number of expected leukemia and cancer  dea ths  computed? 
How do these  r e l a t e  t o  our  prev ious  d i scuss ion  about t h e  PMR being a  
comparison of proport ions? 

Tn a c t u a l i t y ,  the  number of expected dea ths  was computed i n  a  more 
complicated way, s t r a t i f y i n g  f o r  age and ca lendar  year  i n  which t h e  dea th  
occurred. Although we do not have the  d a t a  from t h e  o r i g i n a l  s tudy,  we can 
i l l u s t r a t e  t h i s  using some invented da t a  f o r  white  males-from two time 
per iods  and t h r e e  age groups. 

Example - computing a  PMR. 

(A) To ta l  number of dea ths  observed among t h e  exposed 

(yea r s )  
20-24 

Year 

( R )  P ropor t ion  of dea ths  due t o  cancer  i n  t h e  r e f e r e n t  populat ion 
i n  corresponding age and ca lendar  per iods  

Year 

(yea r s )  
20-24 



(C) Number of observed and expected dea ths  due t o  cancer  
among t h e  exposed 

Year 

Age 
(yea r s )  Obs. Exp. Obs. Exp. 

2 - 1 - 
3 - 4 - 
0 - 1 - Summary PMR - 

Question 6 

a )  What i s  t h e  purpose of t h i s  complicated scheme? 
b)  Compute t h e  numbers of cancer  dea ths  expected f o r  each c e l l  of t h e  

mat r ix  and t h e  PMR? 

PART 4 
Although you a r e  q u i t e  conf ident  t h a t  t h e  f i n d i n g s  of t he  i n i t i a l  PMR 

study a r e  u n r e l i a b l e ,  t h e r e  is  i n t e n s e  pub l i c  p re s su re  on both NIOSH and you 
t o  determine whether adverse h e a l t h  e f f e c t s  due t o  r a d i a t i o n  a r e  occur r ing  
a t  t h e  shipyard.  The commanding o f f i c e r  of t h e  naval  base i n d i c a t e s  t h a t  he 
i s  w i l l i n g  t o  coopera te  wi th  an ep idemiologica l  s tudy ,  provided t h a t  you can 
t e l l  him what you in tend  t o  do and why. 

Question 7 

Given t h i s  s e t t i n g ,  what type  of s tudy would you propose, and why? 

To e v a l u a t e  whether r a d i a t i o n  exposures a t  t h e  nuc l ea r  shipyard have 
caused an excess  of dea ths  from cancer ,  you and your co l l eagues  undertake a 
r e t r o s p e c t i v e  cohor t  m o r t a l i t y  s tudy  of a l l  workers eve r  employed a t  t he  
same naval  shipyard between 1952-1977 (Rinsky, e t  a l .  1981). You i d e n t i f y  
7615 c i v i l i a n  workers who meet t he se  e l i g i b i l i t y  requirements ,  and determine 
t h e i r  v i t a l  s t a t u s  and causes  of dea th  up t o  15 August 1977. According t o  
f i l m  badge records  maintained by t h e  Navy, t he se  workers received between 
0.001-91.414 roentgen equ iva l en t  man (rem) of e x t e r n a l  r a d i a t i o n  exposure.  

One of t he  ana lyses  from t h e  cohor t  m o r t a l i t y  s tudy  i s  comparable t o  
t h e  d a t a  i n  t h e  PMR study.  The r e s u l t s  show: 



Observed and expected dea ths  among 7615 whi te  male shipyard workers 
(Recorded l i f e t i m e  cumulative r a d i a t i o n  dose of a t  l e a s t  0.001 rem) 

Cause of Death Observed Expected SMR 95% C1 For SMR 

A l l  causes 833 1065.3 78 73 - 84 
A l l  cancers  2 01 218.5 92 80 - 106 
Leukemia 7 8.3 84 34 - 174 

a )  How do the  r e s u l t s  of t h i s  r e t r o s p e c t i v e  cohort  m o r t a l i t y  s tudy compare, 
o r  c o n f l i c t  wi th  t h e  r e s u l t s  of t h e  previous PMR r a t i o ?  Which do you f i n d  
more be l i evab le?  

b) Another 1345 workers were i d e n t i f i e d ,  who were s e l e c t e d  f o r  r a d i a t i o n  work 
but never received documented exposure. The PMR study might have 
c l a s s i f i e d  these  workers a s  'exposed' had they  worn r a d i a t i o n  badges. 
Would i n c l u s i o n  of t h e s e  nonexposed workers i n  t h e  exposed group lead  t o  
under- o r  over-est imation of a t r u e  r e l a t i o n s h i p  between r a d i a t i o n  and 
leukemia ? 

Concluding remarks 

This  b r i e f  d i scuss ion  i s  intended t o  i l l u s t r a t e  s e v e r a l  fundamental p o i n t s  
about t h e  propor t iona te  m o r t a l i t y  s tudy ,  and not t o  a t tempt  t o  r e c a p i t u l a t e  
t h e  complexity of events  and i s s u e s  wi th  regard t o  each of t he  s t u d i e s  
discussed.  For a f u l l e r  app rec i a t ion  of t h e s e  papers ,  t h e  reader  i s  r e f e r r e d  
t o  both t h e  o r i g i n a l  a r t i c l e s  (Najar ian  & Colton, 1978; Rinkly, e t  a l .  1981) 
and t o  a f u l l  d i s cuss ion  of t h e  b i a s e s  involved (Greenberg, e t  a l .  1983).  

I n  add i t i on ,  d i scuss ion  of t he  o r i g i n a l  PMR s tudy  i s  intended f o r  teaching  
purposes only ,  and not t o  p re sen t  a t o o  c r i t i c a l  a t t i t u d e  towards t h e  a c t u a l  
s tudy.  Out of t h i s  s tudy  evolved a n  oppor tuni ty  f o r  more ex tens ive  and 
d e t a i l e d  eva lua t ion  of t h e  h e a l t h  consequences of nuc lear  shipyard work. 
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USES AND PITFALLS OF PROPORTIONATE MORTALITY STUDIES 
INSTRUCTOR' S NOTE S 

Summary 

This  case  s tudy  i l l u s t r a t e s  a  number of f e a t u r e s  (bo th  advantages and 
l i m i t a t i o n s )  of p ropor t i ona l  m o r t a l i t y  (PMR) s t u d i e s .  These i nc lude :  

1 )  That PMRs compare propor t ions  r a t h e r  than  r a t e s ;  

2)  That p ropor t i ons  a r e  an i n d i r e c t  measure of d i s e a s e  occurrence,  and t h a t  
s p e c i a l  cond i t i ons  must be met f o r  t h e  r e s u l t s  t o  be unbiased; 

3) That ,  because of t h e s e  i n t r i n s i c  des ign  l i m i t a t i o n s ,  PMRs a r e  c h i e f l y  
u s e f u l  f o r  hypothes i s  genera t ion ;  

4 )  That PMRs a r e  f r equen t ly  performed a s  a  ' f i r s t  c u t '  exp lo ra to ry  s tudy ,  
because of t h e i r  s i m p l i c i t y  and expediency; and 

5) That e i t h e r  cohor t  mor t a l i t y lmorb id i ty  s t u d i e s ,  o r  nested case  c o n t r o l  
s t u d i e s  are u s u a l l y  used t o  a t tempt  t o  v e r i f y  o r  r e f u t e  t h e  f i n d i n g s  of a  
p ropor t i ona l  study. 

PART 1 

Answer 1 

Th i s  i s  a  p ropor t i ona l  m o r t a l i t y  study. The measure of d i s e a s e  occurrence 
i s  t h e  p ropor t i on  of a l l  dea ths  due t o  a  s p e c i f i c  cause ,  r a t h e r  t han  t h e  
inc idence  ( o r  m o r t a l i t y )  r a t e  from t h a t  d i s ea se .  The r a t i o  of t h i s  p ropor t i on  
i n  t h e  exposed and unexposed popula t ions  i s  c a l l e d  t h e  p ropor t i ona l  m o r t a l i t y  
r a t i o  (PMR) (Monson, 1980). The use of p ropor t ions  t o  compute t h e  PMR can be 
expressed symbol ica l ly  a s :  

Exposed Comparison 

Cause-specif ic  dea ths  ‘I l 
A l l  dea ths  d n 

Propor t ion  of dea ths  due PI= dl/dn PO = D1/DN 
t o  a  s p e c i f i c  cause 



The p ropor t i ona t e  m o r t a l i t y  r a t i o  i s  t h e  r a t i o  of t he se  two p ropor t i ons  
(exposed/unexposed) and i s  used t o  e s t i m a t e  t h e  e f f e c t  of exposure upon 
mor t a l i t y .  A s i de - i s sue  t h a t  t h e  c l a s s  may wish t o  d i s c u s s  i s  t h a t  t he  US o r  
t h e  S t a t e  gene ra l  popula t ion  i s  o f t e n  used a s  t h e  "unexposed" popula t ion ,  and 
t h a t  t he se  r e f e r ence  popula t ions  a r e  n e i t h e r  unexposed, nor  a r e  they 
n e c e s s a r i l y  comparable. Both c r i t i c i s m s  a r e  t r u e .  These l i m i t a t i o n s  a r e  no t  
s p e c i f i c  t o  PMR s t u d i e s ,  nor  a r e  they d i r e c t l y  r e l a t e d  t o  t h e  l o g i c  of this 
problem. The r a t i o n a l e  f o r  us ing  t h e  gene ra l  popula t ion  i s  t h a t  i t  i s  i s  
l a r g e  enough t o  provide s t a b l e  r a t e s ,  and t h a t  t h e  number of "exposed" persons 
i s  smal l ,  r e l a t i v e  t o  t h e  o v e r a l l  populat ion.  

PART 2  

Answer 2 

a )  Th i s  ques t i on  i s  both t h e o r e t i c a l  and p r a c t i c a l .  The PMR i s  an  
i n d i r e c t  means of comparing t h e  m o r t a l i t y  experience of two popula t ions  
(exposed versus  unexposed), because i t  i s  not  based upon dea th  r a t e s .  
Ra tes ,  def ined  a s  dea ths  from s p e c i f i c  causes  pe r  person-time a t  r i s k ,  a r e  
t h e  p re fe r r ed  measure of m o r t a l i t y ,  j u s t  a s  t h e  r a t i o  of t he se  dea th  r a t e s  
(exposed/unexposed) i s  t h e  p r e f e r r e d  way t o  compare two popula t ions  
(Kleinbaum, e t  a l .  1982). Such a  " r a t e  r a t i o "  would look l i k e  t h i s :  

Exposed Unexposed 

Number of cause-spec i f ic  dea ths  d l  D1 
Person-time a t  r i s k  P t  PT 

Cause-specif ic  dea th  r a t e s  d l . / ~ t  D ~ / P T  

dy /p t  
Rate r a t i o  = 

D ~ / P T  

I n  a  PMR s tudy ,  t h e  i n v e s t i g a t o r  l a cks  in format ion  about t he  number of 
person years  a t  r i s k ,  and a t tempts  t o  use dea ths  (numerator d a t a )  t o  e s t i m a t e  
the  r a t e  r a t i o .  Th i s  i n t roduces  two p o t e n t i a l  problems ( s e e  answer 2b) below). 

2b) The PMR w i l l  be misleading:  ( 1 )  when t h e  a l l -cause  dea th  r a t e s  i n  t h e  
two popula t ions  a r e  unequal,  o r  ( 2 )  when a  s i n g l e  very common cause of 
dea th  i s  s u b s t a n t i a l l y  e l eva t ed  o r  depressed.  The reason f o r  t h e  f i r s t  
can be shown a l g e b r a i c a l l y ,  but i t  can be i l l u s t r a t e d  by a  s imple,  
a l though improbable, example. I f  an exposed popula t ion  has dea th  r a t e s  
t h a t  a r e  e x a c t l y  twice those  of t he  comparison popula t ion  f o r  a l l  causes  
of dea th ,  then  each cause-spec i f ic  PMR would equa l  100 ( i . e .  no e f f e c t )  
even though al.1 of the  dea th  r a t e s  a r e  twice t h a t  expected. 



The second problem can a l s o  be explained simply. Because a l l  causes of 
dea ths  must add up t o  loo%, a  l a r g e  i n c r e a s e  o r  decrease  i n  any common cause 
of dea th  w i l l  lower o r  r a i s e  t he  p ropor t iona te  con t r ibu t ion  of o the r  causes of 
death.  Proport ions,  un l ike  r a t e s ,  a r e  not  independent of each o the r .  This  
causes a  p r a c t i c a l  problem i n  workplaces where the  "hea l thy  worker e f f e c t "  
r e s u l t s  i n  a  lower than  expected dea th  r a t e  from card iovascular  d i sease .  The 
lower than  expected number of dea ths  from card iovascular  d i s e a s e  can cause the  
propor t ion  of dea ths  from cancer  t o  appear t o  be e leva ted .  (Note- This  
"heal thy worker e f f e c t "  may occur because, i n  many occupat ional  s e t t i n g s ,  t h e  
phys i ca l  demands of working s e l e c t  f o r  workers who a r e  hea l thy  enough t o  apply 
f o r  employment and be hired.  ) 

Answer 3 

a )  Opinions may d i f f e r  on t h i s .  Although leukemia i n  males occurs  a t  a  
background r a t e  of approximately 8 per  100 000 person-years,  leukemia i n  a  
r a d i a t i o n  worker should be considered a  " s e n t i n e l  event".  The r ecogn i t i on  
of any type of leukemia (except  f o r  chronic  lymphocytic) i n  a  r a d i a t i o n  
worker should arouse concern t h a t  r a d i a t i o n  may have been respons ib le .  

The ex ten t  of one 's  i n v e s t i g a t i o n  i s  then  dependent upon t h e  presence 
o r  absence of o the r  ca ses ,  t h e  ques t ion  of whether t h e  l a t ency  period 
s i n c e  f i r s t  exposure makes a  causa l  r e l a t i o n s h i p  b i o l o g i c a l l y  p l a u s i b l e ,  
t h e  l i ke l ihood  of s u b s t a n t i a l  r a d i a t i o n  exposure, given t h e  p a t i e n t ' s  
occupat ional  h i s t o r y ,  e t c .  

This  method of a s c e r t a i n i n g  dea ths  among the  shipyard workers i s  a 
poor one, f i r s t  because i t  i s  remarkably d i f f i c u l t ,  and second, because i t  
i s  un l ike ly  t o  provide a  complete o r  unbiased r o s t e r  of dea ths  among t h e  
shipyard workers. To be v a l i d ,  a  PMR must be based upon a l l  dea ths ,  o r  a t  
l e a s t  a  r ep re sen ta t ive  sample of a l l  deaths .  I n  t h i s  i n s t ance ,  t he  
phys ic ians  o r  f u n e r a l  d i r e c t o r s  who f i l l e d  out  t h e  dea th  c e r t i f i c a t e s  
might have been more l i k e l y  t o  note  t he  nuc lear  shipyard work on the  dea th  
c e r t i f i c a t e s  of those  persons f o r  whom they suspected an occupat iona l  
e t i o l o g y  f o r  t h e  dea th  (e.g. f o r  persons dying of leukemia, o the r  cancers ,  
o r  on-the-job acc iden t s ) .  Thus, t h i s  method of i d e n t i f y i n g  t h e  shipyard 
workers might have s e l e c t i v e l y  a sce r t a ined  c e r t a i n  types  of dea th ,  out  of 
propor t ion  t o  o t h e r  types ,  p o t e n t i a l l y  b i a s ing  t h e  PMR. 

Al t e rna t ive ly ,  only a s c e r t a i n i n g  dea ths  i n  t he  t h r e e  ad jacent  S t a t e s  
might s e l e c t i v e l y  m i s s  workers who stopped employment and migrated because 
of c e r t a i n  causes of death.  Although n e i t h e r  of t hese  p o t e n t i a l  s e l e c t i o n  
b i a ses  can be proved, they  cannot be ru led  out  wi th  c e r t a i n t y .  

c  > The d i f f i c u l t y  of ob ta in ing  the  dea th  c e r t i f i c a t e s  i n  t h i s  s e t t i n g  
e l imina te s  t h e  two major advantages of PMR s t u d i e s ,  namely convenience and 
speed. The usual  s e t t i n g  I n  which PMRs a r e  conducted i s  t h a t  i n  which 
numerator d a t a  (dea ths ,  o r  i n c i d e n t  ca ses )  a r e  immediately a v a i l a b l e ,  
whereas denominator d a t a  (person-time a t  r i s k )  can  be determined only with 
g r e a t  d i f f i c u l t y .  For example, t h e  union o r  company might have a  f i l e  
drawer conta in ing  the  dea th  c e r t i f i c a t e s  of a l l  deceased employees who 



p a r t i c i p a t e d  i n  an insurance  pension plan.  Such records  can be used 
ep idemiologica l ly ,  provided t h a t  t h e  f i l e  i s  complete, o r  a t  l e a s t  
r e p r e s e n t a t i v e  of a l l  deaths .  Although not d e f i n i t i v e ,  a  PMR based on 
such a  f i l e  can be used t o  quick ly  support  o r  weaken a  sub jec t ive  
prel iminary impression t h a t  some cause of dea th  i s  occurr ing  i n  excess .  
I f  t h e  excess  involves  some unusual,  " s e n t i n e l "  tumour, such a s  
angiosarcoma of the  l i v e r  among v i n y l  c h l o r i d e  workers, o r  mesothelioma 
among asbestos-exposed workers,  t h e  evidence may be q u i t e  convincing. 
Immediate pub l i c  h e a l t h  a c t i o n  i s  j u s t i f i e d  i n  such cases ,  based on t h e  
PMR r e s u l t s  a lone.  More o f t e n ,  PMR r e s u l t s  show a smal le r  excess  of a  
more common cause of dea th ,  and a r e  u se fu l  f o r  hypothesis  genera t ion .  

A d i f f e r e n t  s e t t i n g  i n  which t h e  PMR method i s  u s e f u l  occurs  when t h e  
i n v e s t i g a t o r  has access  t o  r e g i s t r y  d a t a  ( e i t h e r  tumour inc idence  o r  dea th  
c e r t i f i c a t e s )  and wishes t o  genera te  hypotheses about i n d u s t r i e s  o r  
occupat ions a t  high r i s k  of s p e c i f i c  d i seases .  I n  t h i s  s e t t i n g ,  t h e  same 
p ropor t iona l  technique i s  used t o  i d e n t i f y  those  causes  of dea th  f o r  which 
c e r t a i n  occupations o r  i n d u s t r i e s  c o n t r i b u t e  an  unusual ly high propor t ion  
of t h e  cases .  This  s u r v e i l l a n c e  technique i s  use fu l  t o  genera te  new 
hypotheses.  When based upon morbid i ty  o r  d i s a b i l i t y  d a t a ,  t h e  r e s u l t  i s  
s t i l l  c a l l e d  t h e  PMR, meaning p ropor t iona l  morbidi ty  r a t i o .  

Answer 4 

None of the  numerous problems of t h i s  method a r e  s p e c i f i c  t o  PMR s t u d i e s .  
The two b igges t  problems a r e  1 )  t h e  p o t e n t i a l  f o r  s e l e c t i o n  b i a s ,  s i n c e  only 
34% of the  deceased were included i n  t h e  s tudy  and 2) t h e  p o t e n t i a l  f o r  
d i f f e r e n t i a l  m i s c l a s s i f i c a t i o n  of exposure. It i s  q u i t e  poss ib l e  t h a t  t h e  
telephone in t e rv i ewers  were the  more p e r s i s t e n t  i n  con tac t ing  and in te rv iewing  
t h e  next  of k i n  of persons dying of cancer  and leukemia. A l t e r n a t i v e l y ,  t h e  
f a m i l i e s  of persons dying of t hese  d i s e a s e s  may have been more responsive t o  
t h e  newspaper a r t i c l e s  and may have contac ted  t h e  in te rv iewers .  S i m i l a r l y ,  
t h e  family respondents may have been more l i k e l y  t o  r epo r t  r a d i a t i o n  work, i f  
t h e  deceased d ied  of a  cause which they bel ieved was r e l a t e d  t o  r ad i a t ion .  
These problems go wel l  beyond those which a r e  i n t r i n s i c  t o  t he  PMR. 

PART 3 

Answer 5 

The answer i s  included i n  t he  t e x t  of P a r t  3 (pages M 3 - 4 ) .  

Answer 6 

While conceptual ly t h e  PMR i s  simply t h e  comparison of two propor t ions ,  i n  
p r a c t i c e  i t  i s  t h e  comparison of observed dea ths  from a s p e c i f i c  cause t o  t h e  
number expected, where t h e  expected number of dea ths  i s  derived from the  
propor t ion  i n  t h e  "unexposed". Mathematically: 



P1 d l / d n  d l Observed 
PM' = - = = 

PO Dl/Dn DldnIDn Expected 

The expected i s  ca l cu la t ed  by mul t ip ly ing  t h e  propor t ion  of dea ths  due t o  
cause D 1  i n  t h e  re ference  (comparison) popula t ion  times t h e  t o t a l  number of 
dea ths  i n  t h e  "exposed". The a c t u a l  c a l c u l a t i o n s  compute the  expected f o r  
s p e c i f i c  subgroups of age ,  ca l enda r  year ,  race ,  and sex ,  and sum t h e  r e s u l t s  
l ead ing  t o  a s tandard ized  PMR. Th i s  po in t  w i l l  be i l l u s t r a t e d  i n  t h e  answer 
6a below. 

a )  The purpose i s  t o  c o n t r o l  f o r  t h e  p o t e n t i a l l y  confounding e f f e c t s  of 
age,  and ca l enda r  year  without having t o  d i v i d e  an  a l r ezdy  smal l  d a t a  s e t  
i n t o  even sma l l e r  subgroups. The technique of s t r a t i f y i n g  and then  
s t anda rd iz ing  a l lows  one t o  develop a summary PMR f o r  a l l  persons of t h e  
same sex and race.  

b Number of observed and expected dea ths  due t o  cancer  
among t h e  exposed 

1960-64 1965-69 

Age Obs. Exp. Obs. Exp . 

Summary PMR =11/4.6 = 2.4 

(Note, t hese  d a t a  were invented ,  and do not  apply t o  t he  nuc lea r  
shipyard workers) 

PART 4 

Answer 7 

Given t h e  l e v e l  of pub l i c  concern, only a d e f i n i t i v e  s tudy  w i l l  
convincingly confirm, o r  r e f u t e  t h e  previous f ind ings .  The two most l i k e l y  
choices  would be e i t h e r  a r e t r o s p e c t i v e  cohort  m o r t a l i t y  s tudy,  o r  a 
"nested" case-control  s tudy.  The l a t t e r  would involve  a case-control  s tudy ,  
nested wi th in  t h e  populat ion of shipyard workers,  t o  compare t h e  
occupat iona l  and non-occupational h i s t o r i e s  of a l l  c a ses  of leukemia a t  t h e  
shipyard,  w i th  equ iva l en t  h i s t o r i e s  i n  a non-leukemic r e fe rence  group. 



Since both t h e  cohort  and t h e  nested case-control  s t u d i e s  w i l l  r e q u i r e  
follow-up of v i t a l  s t a t u s  on t h e  e n t i r e  cohor t  of shipyard workers,  t h e  
r e t r o s p e c t i v e  cohort  approach seems t h e  bes t  f i r s t  s t ep .  (Other choices ,  such 
a s  c ros s - sec t iona l  s u r v e i l l a n c e  of whi te  blood c e l l  counts  i n  t h e  r a d i a t i o n  
workers, o r  r e p e t i t i o n  of t he  PMR study inc luding  a l l  dea ths ,  a r e  un l ike ly  t o  
provide a d e f i n i t i v e  answer.) 

PART 5 

Answer 8 

a >  It i s  c l e a r  t h a t ,  a t  l e a s t  i n  the  o v e r a l l  a n a l y s i s  (d i s r ega rd ing  dose) 
t h e  cohor t  m o r t a l i t y  s tudy shows no evidence of excess  m o r t a l i t y  from 
e i t h e r  leukemia o r  a l l  cancers .  It is  s t i l l  p o s s i b l e  t h a t  t h i s  o v e r a l l  
a n a l y s i s  could be missing an  e f f e c t  among t h e  more h ighly  exposed subgroup 
of workers. However, t h i s  a n a l y s i s  is most comparable t o  the  o r i g i n a l  PMR 
s tudy ,  and shows no i n c r e a s e  of dea ths  from leukemia. Thus, t h e  apparent  
5.6-fold inc rease  of leukemia dea ths  i n  t h e  PMR was due t o  one o r  s e v e r a l  
of t h e  b i a s e s  discussed above. 

There a r e  r e a l l y  two components t o  t h i s  quest ion.  The f i r s t  concerns t he  
q u a l i t y  and c a r e  wi th  which an i n d i v i d u a l  s tudy  i s  conducted. A s  mentioned 
above, the o r i g i n a l  PMR i s  p a r t i c u l a r l y  vulnerable  i n  t h i s  a rea .  The second 
i s s u e  concerns t h e  i n t r i n s i c  s t r e n g t h  of s tudy design.  A l l  o t h e r  q u a l i t y  
c o n t r o l  f a c t o r s  being equal ,  a cohort  m o r t a l i t y  s tudy i s  always more 
convincing than  a PMR. 

b Such m i s c l a s s i f i c a t i o n  of exposure would cause an underest imation of a 
r e a l  e f f e c t .  
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M I N I N G ,  SMOKING AND LUNG CANCER 
PROBLEMS OF INTERACTION AND QUANTIFICATION OF RISK* 

In t roduc t ion  

A high lung cancer  m o r t a l i t y  among miners was repor ted  from Cen t r a l  Europe 
i n  t h e  19 th  century .  I n  t h e  1920s i s  was suggested t h a t  r a d i o a c t i v i t y  i n  t h e  
a i r ,  c a l l e d  "radium emanation" a t  t he  time, was e t i o l o g i c a l l y  respons ib le .  
This  radium emanation was l a t e r  recognized a s  radon and shor t - l ived  radon 
daughters  i n  t h e  a i r ,  i . e .  decay products  from uranium through radium, t h e  
radon daughters  being i so topes  of bismuth, lead  and polonium. 

I n  t h e  1960s and 1970s s e v e r a l  r e p o r t s  i nd ica t ed  a s i m i l a r l y  increased  
lung cancer  m o r t a l i t y  both among uranium miners and o t h e r  miners i n  many 
c o u n t r i e s ,  e.g. i n  Canada, France, Sweden, t he  United Kingdom and the  United 
S t a t e s  of America. Work i n  c o a l  and s a l t  mines usua l ly  low i n  r a d i o a c t i v i t y ,  
has  not been a s soc i a t ed  wi th  any excess  of lung cancer ,  however. 

There has been q u i t e  a deba te  over  t h e  yea r s  about t h e  epidemiological  
f i nd ings  of lung cancer  among miners,  e s p e c i a l l y  regarding the  US uranium 
miners.  A quo ta t ion  from B. MacMahon i n  1971 could be an  i l l u s t r a t i o n  i n  t h i s  
r e spec t :  "The epidemic of lung cancer  now i n  progress  among American uranium 
miners could r e a d i l y  have been - and indeed was - predic ted  on t h e  b a s i s  of 
pas t  experience i n  o the r  p a r t s  of t he  world ........ Although ........ few 
comparable medical experiences have been so c a r e f u l l y  documented, 
d i ame t r i ca l ly  oppos i te  opinions a r e  s t i l l  held and expressed not  only 
regarding the  i n t e r p r e t a t i o n  of t h e  f a c t s  t h a t  have emerged, but a l s o  t o  t h e  
na tu re  of the  f a c t s  themselves". 

PART 1 

Fur ther  s t u d i e s  and new aues t ions  

When it became inc reas ing ly  c l e a r  i n  t h e  l a t e  1960s and e a r l y  1970s t h a t  
radon daughter  exposure i n  mines was t h e  probable cause of t h e  excess  lung 
cancer  m o r t a l i t y  seen among miners,  a t tempts  were made t o  quan t i fy  t he  lung 
cancer  hazard by comparing t h e  exper iences  from d i f f e r e n t  mining popula t ions .  
However, q u i t e  d i sc repan t  e s t ima te s  were obtained with regard t o  the  
quan t i f i ed  r i s k ,  ranging from 6 t o  47 excess  lung cancer  ca ses  per  106 
person years  and working l e v e l  month (WLM, i . e .  a n  alpha r a d i a t i o n  dose u n i t ,  
one WLM r e f e r r i n g  t o  a month ( o r  170 hours)  of exposure t o  t he  concen t r a t ion  
of one WL). One WL i s  any mixture of shor t - l ived  radon daughters ,  t h a t  would 
r e l e a s e  a q u a n t i t y  of a lpha  r a d i a t i o n  energy amounting t o  1.3 x 105 Mega 
e l e c t r o n  Volt (MeV) through i t s  complete decay through radium C ' ,  t h e  l a s t  one 
of t h e  shor t - l ived  daughters  o r  polonium-214. 

* By Olav Axelson, 1985; r ev i sed  1985. 



However, t he  var ious  s t u d i e s  of miners and lung cancer  have r e s u l t e d  i n  
somewhat con t r ad ic to ry  f i n d i n g s  with regard t o  t h e  e f f e c t  of radon daughter  
exposure i n  connection wi th  smoking. The f i r s t  s t u d i e s  of uranium miners 
suggested a  m u l t i p l i c a t i v e  i n t e r a c t i o n ,  but l a t e r  s t u d i e s  from var ious  types  
of mines showed t h a t  non-smokers were a t  cons iderable  r i s k  a s  wel l .  
Furthermore, s e v e r a l  s t u d i e s  have a l s o  i n d i c a t e d  a  l e s s  than  m u l t i p l i c a t i v e  
i n t e r a c t i o n  between smoking and radon daughter  exposure, and two small  s c a l e  
s t u d i e s  of o ld ,  mature mining popula t ions  have even shown more lung cancers  
among non-smokers than  among smokers. This  f i nd ing  was unexpected but 
a c t u a l l y  f i t t e d  i n  q u i t e  we l l  with some t h e o r e t i c a l  c a l c u l a t i o n s  of t h e  a lpha  
r a d i a t i o n  dose t o  the ep i the l ium,  s i n c e  smoking should be expected t o  cause 
increased  mucous s e c r e t i o n  and decrease  t h e  e f f e c t i v e  pene t r a t ion  of t h e  
short-ranging alpha r a d i a t i o n  t o  the  basa l  c e l l s  of t h e  ep i the l ium (Al t shu le r ,  
e t  a l .  1964). Hence, t h e  d i s t a n c e  from t h e  su r f ace  of t h e  mucous l a y e r  down 
t o  the  basa l  c e l l s  of the  ep i the l ium i s  c r i t i c a l l y  long f o r  t he  alpha 
p a r t i c l e s  t o  t h e  a b l e  t o  p e n e t r a t e ,  so a  th ickening  of t h e  mucus l a y e r  would 
tend t o  reduce the  e f f e c t i v e  dose of a lpha r a d i a t i o n  t o  the  epi thel ium. 
I n t e r e s t i n g l y  even some animal experiments wi th  beagle  dogs have gone i n  t h i s  
d i r e c t i o n ,  i . e .  the  ones who smoked got  fewer cancers  than  the  non-smokers 
(Cross,  e t  a l .  1942). 

Furthermore, judging from some of the  s t u d i e s  of var ious  mining 
popula t ions ,  t h e  induct ion-latency t ime from f i r s t  exposure t o  radon and 
daughters  u n t i l  t he  development of lung cancer  seems t o  be s h o r t e r  f o r  smokers 
than  f o r  non-smokers, even when t h e  l a t t e r  had a  lung cancer  r i s k  a s  h igh  o r  
even higher  than  the  smokers. I n  one of the  s t u d i e s  t h i s  induct ion-latency 
period was repor ted  t o  be very long, i . e .  37 yea r s  on t h e  average f o r  smokers 
and 49 yea r s  f o r  non-smokers (Axelson 6 Sundel l ,  1978). However, a l l  t he  
s t u d i e s  were not q u i t e  c o n s i s t e n t  wi th  each o t h e r  and some of them did  no t  
show any d i f f e r e n c e  i n  induct ion-latency time between smokers and non-smokers 
(Archer,  e t  a l .  1973; Dahlgren, 1979). 

Ouestion 1 

What ques t ions  ( o r  hypotheses) about radon daughter  exposure would be of 
i n t e r e s t  t o  focus  on from a s c i e n t i f i c  po in t  of view? 

Question 2  

Fur the r  s t u d i e s  would obviously be of i n t e r e s t  but what s o r t  of 
popula t ions  would be needed f o r  e l u c i d a t i n g  t h e s e  ques t ions  (hypotheses)?  

Question 3  

What s o r t s  of epidemiological  approaches would be a p p l i c a b l e  t o  o b t a i n  a n  
answer t o  t h e  ques t ions  a s  formulated above? 



PART 2 

A popula t ion  f o r  s tudy  

Mining i n  Sweden has been going on f o r  more t han  a  thousand years .  For 
t h e  l a s t  cen tury  o r  so ,  many mines have been i n  ope ra t i on ,  but most of them 
were r e l a t i v e l y  small i n  terms of t he  working popula t ion ,  say, about a  hundred 
i n d i v i d u a l s  o r  less. Most of t h e s e  mines have been c losed  dur ing  t h e  l a s t  two 
o r  t h r e e  decades,  and i t  would consequent ly  be d i f f i c u l t  t o  o b t a i n  in format ion  
both regard ing  t h e  popula t ion  and t h e  work cond i t i ons .  By t h e  t ime of t h e  
s tudy ,  f o u r  l a r g e r  mines were i n  ope ra t i on  i n  Sweden, but only one of them had 
not  y e t  s t ud i ed  with regard t o  t h e  lung cancer  r i s k ,  namely t h e  mine a t  
Griingesberg i n  southern,  c e n t r a l  Sweden. 

The Grangesberg mine. Mining i r o n  o r e  has  been i n  ope ra t i on  a t  Grangesberg 
f o r  s e v e r a l  hundred years .  By 1910 t h e  open p i t  mining had reached depths  of 
70-100 metres  and underground mining had s t a r t e d .  The v e n t i l a t i o n  was 
"na tu ra l "  u n t i l  1945 when t h e  mine was s t i l l  r a t h e r  shallow. Then, mechanical 
v e n t i l a t i o n  was introduced and f u r t h e r  changes i n  t h e  v e n t i l a t i o n  technique 
took p l ace  i n  1955-56, when a i r  was taken  down through o ld  s h a f t s  and 
t r anspo r t ed  underground t o  g a i n  h e a t  from t h e  ground i n  w in t e r  t ime s o  a s  t o  
h inde r  f r e e z i n g  of water  i n  t h e  mine. The dus t  l e v e l s  i n  t h e  mine were 
reduced cons ide rab ly  through t h i s  new v e n t i l a t i o n  but a t  t h e  same time, t h e  
a i r  was probably more contaminated by radon due t o  t h e  prolonged 
t r a n s p o r t a t i o n  t i m e  underground f o r  t h e  v e n t i l a t i o n  a i r .  

I n  1969, d iese l -dr iven  equipment was introduced and the  v e n t i l a t i o n  had t o  
be f u r t h e r  improved f o r  t h i s  reason  a s  we l l  a s  because of emerging concern 
about radon. Consequently, t he  v e n t i l a t i o n  was improved through two new, 
v e r t i c a l  v e n t i l a t i o n  s h a f t s  and reached a  c a p a c i t y  of 1 350 000 m3/ hour ,  
which a l s o  reduced radon and radon daughter  l e v e l s .  

P o t e n t i a l l y  hazardous exposures ,  o t h e r  than  t o  radon and radon daughters ,  
may occur i n  a  mine, s i n c e  t he  atmosphere tends  t o  be q u i t e  complex. For 
example, t h e r e  could a l s o  be o t h e r ,  more o r  l e s s  wel l -es tab l i shed  carc inogens  
presen t  such a s  a r s e n i c ,  n i c k e l ,  chromium, a sbes t i fo rm mine ra l s  and d i e s e l  
exhaus ts .  The i r o n  o r e  a t  Griingesberg i s  known t o  con ta in  only smal l  t r a c e s  
of n i c k e l  and chromium, however, and t h e r e  is  no i n d i c a t i o n  of any p e r t i n e n t  
occurrence of a sbes t i fo rm minera l s .  

Information on exposure and s u b j e c t s .  The f i r s t  measurements of radon 
daughter  l e v e l s  were made i n  1969-70 and showed l e v e l s  of about 0.3-1.0 WL. 
w i t h  t h e  new v e n t i l a t i o n  i n s t a l l e d  i n  1970, t he  presen t  l e v e l s  of radon 
daughter  exposure were reduced t o  about 0 .3  WL o r  l e s s .  

Sweden has  a  wel l - t r ied  system f o r  t h e  c e n t r a l  r e g i s t r a t i o n  of cancers  and 
a  l o c a l  a s  wel l  a s  a  c e n t r a l  r e g i s t r a t i o n  of dea ths  based on dea th  
c e r t i f i c a t e s .  There i s  a l s o  a  cont inuous ly  updated r e g i s t e r  of t he  l i v i n g  
populat ion.  Regional and l o c a l  popula t ion  r e g i s t r a t i o n  t a k e s  p l ace  on s e v e r a l  
l e v e l s  wi th  t h e  p a r i s h  a s  t he  sma l l e s t  u n i t .  A l l  b i r t h s  and dea ths  a r e  
r e g i s t e r e d  f o r  each p a r i s h  and t h e r e  i s  a  cont inuous update of t h e  r e g i s t e r  of 
persons l i v i n g  i n  t he  pa r i sh .  For h i s t o r i c a l  reasons ,  popula t ion  r e g i s t r a t i o n  
has  been conducted by t h e  church f o r  over  two hundred years .  



The mining community of GrLingesberg has  had about 3000 i n h a b i t a n t s  i n  t h e  
pa r i sh .  The r e g i s t r a t i o n  of dea ths  i n  t h e  p a r i s h  i s  i n  a  book wi th  a  
cont inuous l ist  f o r  each yea r ,  quot ing  informat ion  from t h e  dea th  c e r t i f i c a t e  
and u s u a l l y  a l s o  adding a n  occupat iona l  t i t l e .  

There has  been an  o u t p a t i e n t  h e a l t h  c a r e  u n i t  a t  Grangesberg f o r  a  long 
time and more r e c e n t l y  a l s o  i n d u s t r i a l  h e a l t h  c a r e  f a c i l i t i e s  f o r  t h e  mine, 
mainly dea l ing  wi th  work-related d i s e a s e s  and prevent ion.  The h o s p i t a l  f o r  
t h e  a r e a  i s  loca t ed  r e l a t i v e l y  f a r  away. Other c i rcumstances r e l e v a n t  t o  d a t a  
a c q u i s i t i o n  might be t h a t  t h e  mining company, l i k e  most companies i n  Sweden, 
ha s  had a  f a i r l y  good a d m i n i s t r a t i o n  and a  c a r e f u l  r e g i s t r a t i o n  over  many 
decades of t h e i r  employees. I n  Sweden i t  is u s u a l l y  p o s s i b l e  t o  coopera te  
wi th  a  company t o  o b t a i n  in format ion  about ,  f o r  example, t h e  employment d a t e s  
f o r  an  i nd iv idua l .  Sometimes t h e r e  i s  s a l a r y  in format ion  a s  we l l ,  paid f o r  
p a r t i c u l a r  work t a sks .  The c o s t s  involved i n  going through t h e  r e g i s t e r s  
could be r e l a t i v e l y  high,  e s p e c i a l l y  cons ider ing  t h e  comparatively h igh  
Swedish s a l a r i e s .  It should a l s o  be mentioned t h a t  t h e  popula t ion  i s  u s u a l l y  
q u i t e  coopera t ive  i n  answering q u e s t i o n n a i r e s  and in t e rv i ews ,  which of course 
f a c i l i t a t e s  c e r t a i n  types  of ep idemiologica l  s t u d i e s .  

Question 4 
Considering t h e  in format ion  g iven ,  what epidemiological  approaches would 

be p o s s i b l e  and p re fe rab l e?  What would be t h e  main p o i n t s  i n  a  pre l iminary  
s tudy  p ro toco l  and what s p e c i f i c  problems might be a n t i c i p a t e d  f o r  t h e  s tudy? 

PART 3 
The r e g i s t e r  of dea ths  a t  t he  p a r i s h  of Grangesberg was consul ted  f o r  t h e  

somewhat a r i b i t r a r i l y  chosen per iod  of 1957 t o  1980 and 57 males were found t o  
have died from lung cancer .  During t h e  f i r s t  p a r t  of the  s tudy per iod t h e r e  
was a  r e l a t i v e l y  s t e e p  i n c r e a s e  i n  t h e  annual  number of lung cancer  dea ths  
followed by a  l e v e l l i n g  o f f  a t  about 1966 (Table XXIX). 

Table XXIX. Male lung cancer  d e a t h s  pe r  t h r e e  year  pe r iods  i n  t h e  p a r i s h  of 
Grangesberg from 1957 t o  1980 

Time per iod Number of lung cancer  dea ths  among 

Miner S Others 
1957-59 1 - 

60-6 2 1 - 
63-65 6 
66-68 8 - 
69-71 8 2 
72-74 8 l 
75-77 10 2 
78-80 1 0  - 

1957-80 5 2 5 



The study period had to be restricted in time to the years 1966-1977 for 
several reasons: 1) The ventilation changes in the mine. 2) Increasing 
number of lung cancer cases per year until the later 1960s. 3) Some practical 
and economic reasons (having to do with the time from starting the study in 
1978 to its termination in 1981). Not only lung cancer but also all other 
deaths were noted for the males ages 50 years and older in the parish for this 
period. From the general population statistics of Sweden, it was also 
possible to obtain information about the total male population in the parish 
with regard to age group. Average figures for the period are shown in Table 
XXX along with the number of lung cancer cases and other deaths in the parish. 

Table XXX. Hale lung cancer deaths and other deaths in the parish of 
Grangesberg during 1966-1977, alon~ with figures for the average male 

population. (Note that radon daughter exposure does not seem to cause any 
particular excess of conditions other than lung cancer among miners). 

Ages Lung cancer deaths Other deaths Average 
total 

Miners Non-miners Miners Non-miners population 

50-65 13 3 
> -65 20 2 
Total 33 5 

Question 5 

What sort of population do these data refer to? What sort of 
epiden~iological study designs might be applicable? 

Question 6 

Calculate crude and weighted (standardized) relative measures for the 
miners to get lung cancer in comparison to the general population (along with 
a confidence interval). 

PART 4 

Since smoking is a strong determinant of lung cancer, it is usually 
necessary to take care of smoking in one way or another if lung cancer is 
studied epidemiologically. In this particular investigation interviews with 
regard to smoking were made with the relatives of the lung cancer cases, as 
well as with the relatives of a sample of other deceased miners with other 
causes of death than malignancies. Because of the possibility that not only 
lung cancers but also other malignancies depend on smoking, other malignancies 
were excluded. For the same reason one could think of excluding 
cardiovascular deaths as well to obtain good representativeness of the study 
population through the referents (controls), although this was not done here. 



These o the r  dea ths  were chosen t o  have about t he  same ages  (up t o  + 6 
years  d i f f e r e n c e  i n  t h e  year of b i r t h )  and the  same year of dea th  (up t o  + 2 
yea r s  d i f f e r e n c e )  a s  t h e  lung cancer  cases .  The information obta ined  from 
these  in te rv iews  is  summarized i n  Table XXXI. It was poss ib l e  t o  f i n d  a 
r e f e r e n t  f o r  28 of t he  lung cancer  c a s e s  and t o  o b t a i n  f u l l  information both 
from the  case  and from t h e  r e f e r e n t .  

Table XXXI. Information on smoking h a b i t s  of 28 lung cancer  ca ses  and t h e i r  
f e l l ow work-mates, who d i ed  from o t h e r  causes  (+ means smoking, non-smoking). 

Each c a s e  along wi th  t h e  matched r e f e r e n t  i s  g iven  a s e r i a l  number. 

S e r i a l  numbers Lung cancer  dea ths  Other dea ths  

Question 7 
For p re sen ta t ion  of da t a  i t  i s  commonplace t o  condense information from 

a t a b l e  l i k e  Table XXXI. The fol lowing scheme i s  s u i t a b l e  f o r  t h i s  purpose; 
g ive  the  number of p a i r s  (no t  i n d i v i d u a l s )  i n  t he  va r ious  c e l l s :  - 

Smoking h a b i t s  i n  t h e  28 matched p a i r s  of underground miners.  



-- ~ e f  erent - 
Case -- W Smoker Non-smoker 

Smoker 
Non-- smoker 

Question 8 
Evaluate the effect of smoking in the causation of lung cancer in miners 

by calculating the rate ratio (odds ratio) from the table constructed above. 
Apply also a significance test for matched data and obtain test-based, 
approximative confidence limits. 

Question 9 
As seen from the above calculations the rate ratio is as low as 1.5. What 

conclusions might be drawn from this finding? 

PART 5 
Some other information of importance was also gathered in the course of 

the study, namely that those non-smokers among the miners, who died from other 
causes than lung cancer, had been employed underground for 25.7 years and the 
smokers had 26.9 years of employment. The time underground for smoking lung 
cancer cases was 29 years and 29.4 years for the non-smoking cases. The 
exposure time for the 13 cases aged 50-65 years was found to be 27 years and 
30.4 years for the 20 cases of 65 years and above. Furthermore, it may be 
remarked that vacation time, sickness leave etc. might be taken as a month per 
year with regard to the time period of exposure. 

Question-= 
Estimate the number of miners that on an average had been employed within 

the study period of 1966-77, also considering age-groups. 

Guidance: Look at the distribution of miners and non-miners among "other 
--p 

deaths" in Table XXX and divide up the total population accordingly. 

Question 11 
Estimate the number of excess lung cancers per WLH and 106 person-years 

in ages 50-60 and > 65 years. 

Guidance: As a result of question 10 the number of cases per person-years 
can now be easily obtained for miners and non-miners. The dose in WLM has 
to be estimated through the cases (as has been traditionally done, 
although the cases might not be fully representative for the population to 
which they belong). 



Ouestion 12 

Discuss i n  what p a r t i c u l a r  respects  the re  may o r  may not be sys temat ica l  
e r r o r s  ( b i a s )  i n  the  study? 

Question 13 

What conclusions can be drawn from the  study and with what degree of 
c e r t a i n t y ?  

F ina l ly  i t  may be remarked t h a t  the  answers t o  these various quest ions a r e  
more o r  l e s s  d i r e c t l y  a v a i l a b l e  from the  published paper about t h i s  
inves t iga t ion  (Edling & Axelson, 1983). 



INSTRUCTOR'S NOTES 
MINING, SMOKING AND LUNG CANCER 

PROBLEMS OF INTERACTION AND QUANTIFICATION OF RISK 

This case is based on a study that has been published (Edling & Axelson, 
1983). The questions refer more or less directly to the information provided 
in that article, which the teacher should read. On purpose, relatively little 
guidance has been given to the students. It is left to the teacher to give 
further help and information, obtainable from the original publication and 
from the notes below. The teaching objectives of this case are: 1) An 
opportunity for the advanced student to choose among alternate epidemiological 
methods. 2) An opportunity to calculate the appropriate estimates of risk and 
rate. 3) An opportunity to interpret complex epidemiological data. The 
answers to the questions along with some comments follow: 

PART 1 

Answer 1 
Further quantification of the lung cancer risk from radon daughter 

exposure is needed. 

The character of the interaction of smoking and radon daughter exposure 
seems to be complex and deserves further study, i.e. there could be both a 
protecting effect from an increased mucus layer due to smoking which could 
lead to decreasing the radiation dose, and also a promotion effect of smoking 
on cancer once it has been induced, especially as the smokers were found to 
have shorter induction-latency times in some studies. 

Answer 2 
Rather old and mature populations would be needed to observe the - - 

appearance of lung cancer especially among the non-smokers, whereas the lung 
cancers would be expected to appear earlier among the smokers. Preferably 
extinct subpopulations should be studied, i.e. those born some 90 years ago or 
earlier. 

Answer 3 
In principle one could think of both cohort and case-referent approaches. 

It would be difficult however to define a cohort sufficiently long ago 
(preferably about 60-80 years ago if it should be extinct or almost extinct at 
the time of the study). Therefore, a case-referent approach would be easier, 
even if, again, it is difficult to obtain exposure information so far back in 
time as around the first two or three decades of this century). 

Perhaps it would have been possible to utilize the registers of the 
company to establish a cohort from the 1920s or 1930s, but certainly it would 
have been a quite laborious task. A proportional mortality study, or 
alternatively, a case-referent design seemed preferable, therefore. The local 
register of deaths would be the most efficient source of subjects. 



(There was no good alternative since no hospital was located in the parish and 
the out-patient unit would not have any effective registers.) The referents 
could not be continuously drawn from the population register over the study 
period i.e. contemporary with the appearance of the cases, since the register 
had been continuously up-dated with deaths being deleted. Therefore it was 
necessary to utilize other dead cases as referents, i.e. either a proportional 
mortality study or a case-referent study could be chosen; the authors 
preferred the latter; cf 1). 

PART 2 

Answer 4 

A preliminary study protocol should deal with the following aspects: 

1. Cases are those with lung cancer as obtained from the register of deaths 
in the Grangesberg parish. 

2. Referents are those dead from other causes in the same parish and time 
period. Other cancer deaths could have the same exposure background and 
etiology as lung cancer cases, especially there could be a relation to 
smoking, but earlier studies on miners with radon daughter exposure do not 
suggest any other definite and job-related cancer hazard than lung cancer 
(Axelson, 1979). 

3. Smoking habits might be found out through interviews with relatives (the 
addresses of whom would be obtainable through the population registration 
of the parish.) Mailed questionnaires or interviews could be considered 
(the latter approach was chosen, especially as it was possible to engage a 
couple of former foremen for this task) (Pershagen & Axelson, 1982). 

4 .  The smoking evaluation might be limited to miners only in a comparison of 
the lung cancer risk of smoking and non-smoking miners. Matching of the 
cases to the referents on age could be thought of as preferable in the 
design (but random referents of miners would also do with a subsequent 
stratified analysis). 

5. Lists of subjects (cases and referents) could be given to the company 
(without revealing status of case or referent) for identification of those 
who were ever employed underground along with information on time in 
underground work. 

6. Dose-estimations to be made from available data on radon daughter 
concentrations in the mine ( 0 . 5  WL was finally assumed as the most likely 
average level). 

7 .  Statistical calculations might be based on the Mantel-Haenszel procedures 
(1959) and the Miettinen principles (1972) for the confidence interval 
calculations and standardization. The McNemar test could be applied for 
matched pairs when considering the effect of smoking. 



- 

8. Information about the size of the general population would provide also 
for calculations of excess cancers per WLH and 106 person-years (note 
that the referents would represent the population of miners and non-miners 
in the various age-groups; Hiettinen, 1976). 

Problems to be anticipated are the estimation of dose and obtaining 
correct information on smoking, whereas other information might be thought 
of as quite correct as based on the company's files. 

PART 3 
Answer 5 

This is an example of an open population, i.e. with a turnover, in 
contrast to, for example, an industrial cohort, where all individuals have 
been defined. With such a population at hand, it is natural to think of a 
case-referent study, where the referents constitute a sample of the population 
in order to get information about the relative size of the exposed and 
nonexposed sectors of the population. The dead individuals apparently 
represent this population as well, i.e. in terms of exposure and nonexposure, 
and can therefore be taken as referents, unless having died from disorders 
with a clear relationship to exposure or nonexposure (Axelson, 1979). Also a 
so-called proportional mortality study could be thought of, but this tends to 
be less sensitive and conceptually unclear as involving both cases and 
non-cases in the denominator. 

Answer 6 
Table XXX may be rearranged as follows and calculations be done according 

to proposals in the Answer 4, point 7. 

Exposure to underground iron mining among cases and referents (non-cancer 
deaths) aged 50 years and over may be obtained from the death records in the 
parish of Grangesberg 1966-77 as done below. 

Age groups Cases/ Exposed Non- Total No. of 
(years Referents exposed background 

population 

50-65 C 13 3 669 
R 3 8 66 

> 65 C 2 0 2 477 
R 145 254 

Total C 33 5 1146 
R 183 320 

Crude rate ratio, CRR 11.5 (1.0) 
Standardized mortality 
ratio, SMR 11.5 (1.0) 

Mantel-Haenszel rate ratio 
point estimate 11.7 (1.0) 
95% confidence interval 5.3-26.0 



Note: Since CRR/SMR equals unity, there is no confounding from the age 
distribution as displayed in the table. 

Comment on calculati.: The SMR has the character of (observed)/(expected). 
If no risk is present, the expected number of cases, a*, in each stratum can 
be calculated. For the first stratum one gets - 

(a* X 66) / (3 X 38) = 1; a* = 1.73 

and for the second stratum - 

(a* X 254) / ( 2 X 145) = 1; a* = 1.14 

i.e. the expected is 1.73 + 1.14 = 2.78 versus 13 + 20 observed and the SMR 
consequently 33/2.87 = 11.5. 

The Mantel-Haenszel procedures are well known and the calculations are 
relatively extensive and therefore omitted. Test-based confidence limits are 
obtained as shown with regard to questions 7-8 (Miettinen, 1976). 

PART 4 

Answers 7. 8 

Table XXXI refers to matched data, which can be rearranged in a typical 
display as follows: 

Smokin~ habits i a h e  28 matched pairs of underground miners --- 

Case Referent 

Smoker Non-smoker 

Smoker l I 
Non-smoker 4 
Rate ratio 1.5 
95% confidence interval 0.4-5.3 

The rate ratio, RR, is obtained as 6/4 = 1.5 and by the McNemar test one 
gets X 2=(6-4)2/(6+4) = 0.4, i.e. then X=0.632. Then RR, RR = 
1.51+1.96/0..632 = 0.4;5.3. 

The discordant pairs, here obtained as 6 to 4, were 2 to 1 in ages 50-65 
years and 4 to 3 in ages above 65 years. 



Answer 9 
The numbers involved are quite small and do not permit definite 

conclusions. However, as mentioned in the introduction, it was indicated that 
similar small differences had been seen between smoking and non-smoking miners 
also in other studies. Notice particularly that the confidence interval even 
goes below unity, i.e. the data per se would even be consistent with a 
preventive effect from smoking in this sort of mining. 

PART 5 
Answer 10 

From Table XXX one obtains information with regard to the distribution of 
miners and non-miners in the population as reflected by the referents (not by 
the cases or the sum of cases and referents). 

Hence, for the ages of 50-65 years one gets 

and for ages > 65 years the corresponding calculation becomes 

477 X 1451 (145 + 254) = 173 or for both age strata 
244 + 173 = 417 

Answer 11 
To obtain the excess lung cancers per WLM and 106 person-years, one has 

to calculate the rates for miners and non-miners, simplest by utilizing 
information from the previous answer. 

Hence, the rate R1 for miners of 50-65 years during the 12 year study 
period 1966-77 is determined by the 13 cases and the number of person-years at 
observation 

and for the nonexposed 

The rate difference or excess is consequently 

The exposure is difficult to estimate since only the deceased part of the 
population is known, which means that the exposure tends to get 
underestimated. Traditionally one has taken the exposure of the cases as the 
estimate. The length of exposure was 27 years at about 0.5 W, for the 13 
cases. Hence, for eleven months a year (deducting vacation etc.), one gets 27 
X 11 X 0.5 = 148.5 WLM and the excess per WLn and 106 person-years is 
3851.71148.5 = 25.9. 



The corresponding calculations for the ages of > 65 years, gives 54.3 
excess cases per WLM and 106 person--years. 

Answer 12 

Any discussion of the validity (i.e. freedom from systematical errors of 
bias) of an epidemiological study is somewhat subjective in nature. The 
authors stressed the following points in the discussion of the study: 

- registers were known to be fairly complete; 
- migration in and out of the parish should not be differential with 
regard to exposure and cause of death; 

- only non-cancer deaths were included in the matched series in order to 
obtain a proper reflection of smoking in the mining population. Some 
distortion is still possible, however, because of (the inclusion of 
smoking-dependent) cardiovascular deaths among the referents; 

- smoking information could be subject to "memory bias" although other 
experience from Sweden shows that information from relatives is quite 
reliable (Pershagen and Axelson, 1982). 

- slightly longer exposure time for smokers could have meant some 
uncontrolled (but quantitatively rather unimportant) confounding. 

Answer 13 

The rather limited size of the study makes all conclusions quite 
uncertain, except that the Grangesberg miners have had a high lung cancer 
mortality. 

The estiniates obtained of the excess lung cancer rate per WLM and 106 
person-years are in the range of similar calculations for other miners, but 
the estimate is quite uncertain because it is based on small numbers (for 
example, taking the 13 cases in ages 50-65 years as a Poisson variate the 95% 
confidence limits would be 6.92 and 22.23, and hence, the estimate 13.7-44.3, 
which is quite broad, but still within the range of estimates given in the 
introduction as obtained from various mining populations). 

With regard to smoking, the effect is surprisingly small although the rate 
ratio has a 95% confidence interval from 0.4 to 5.3, i.e. the information 
obtained is limited and the study does not even rule out a preventive effect 
from smoking. On the other hand, a multiplicative effect from smoking and 
radon daughter exposure seems less likely. In that case, one would have 
expected an unusually high rate ratio rather than a surprisingly low one and 
the same would have obtained for the upper confidence bond. 



References 

Altshuler, B., Nelson, N., Kuschner, M. Estimation of lung tissue dose from 
the inhalation of radon and daughters. Health physics, 10: 1137-1161 (1964). 

Archer, V.E., Wagoner, J.K., Lundin, F.E. Uranium mining and cigarette 
smoking effects on man. Journal of occupational medicine, 15: 204-211 (1973). 

Axelson, 0. The case-referent (case-control) study in occupational health 
epidemiology. Scandinavian journal of work, environment and health, 5: 91-99 
(1979). 

Axelson, O., Sundell, L. Mining, lung cancer and smoking. Scandinavian 
journal of work. environment and health, 4: 46-52 (1978). 

Cross, F.T., Palmer, R.E. Filipy, R.E., Dagle, G.E. Stuart, B.O. 
Carcinogenic effects of radon daughters, uranium ore dust and cigarette smoke 
in Beagle dogs. Health physics, 42: 33 (1942). 

Dahlgren, E. Lungcancer, hjartkarlssjukdom och rokning hos en grupp 
gruvarbetare. [Lung cancer, cardiovascular disease and smoking in a group of 
miners] (In Swedish, with English summary). Lakartindningen, 76: 4811-4813 
(1979). 

Edling, C. & Axelson, 0. Quantitative aspects of radon daughter exposure and 
lung cancer in underground miners. British journal of industrial medicine, 
40: 182-187 (1983). 

MacHahon, B. (1971) Preface. In: Lundin, Jr. F.E., Wagoner, J.K., Archer, 
V.E. Radon dau~hter exposure and respiratory cancer. Quantitative and 
temporal aspects. NIOSH-NIEHS Joint Monograph No 1, Springfield, 1971. 

Mantel, N. & Haenszel, W. Statistical aspects of the analysis of the data 
from retrospective studies of disease. Journal of the National Cancer 
Institute, 23: 719-748 (1959). 

Miettinen, O.S. Standardization of risk ratios. American journal of 
epidemiology, 96: 383-388 (1972). 

Miettinen, O.S. Estimability and estimation in case-referent studies. 
American journal of epidemiology, 103: 226-235 (1976). 

Pershagen, G. & Axelson, 0. A validation of questionnaire information on 
occupational exposure and smoking. Scandinavian iournal of work-environment 
and heal&, 8: 24-28 (1982). 





0 1 
MORTALITY STUDY TESTING A POSSIBLE ASSOCIATION BETWEEN 

OCCUPATIONAL EXPOSURE TO FORMALDEHYDE AND CANCER* 

Background 
I n h a l a t i o n  s t u d i e s  performed i n  experimental  animals  have r a i s e d  t h e  

susp i c ion  t h a t  exposure t o  formaldehyde may cause  a carc inogenic  r i s k  t o  man. 
However, a number of ep idemiologica l  s t u d i e s  performed i n  va r ious  occupat iona l  
s e t t i n g s  have f a i l e d  t o  demonstrate  an  increased  r i s k  of cancer  s p e c i f i c a l l y  
a s soc i a t ed  wi th  such exposure.  A t  t he  same t i m e ,  they could not e n t i r e l y  
exclude a p o s s i b l e  a s s o c i a t i o n ,  mainly because some of them su f f e r ed  from 
f laws  such a s ,  l a c k  of d a t a  on exposure,  m u l t i p l e  exposures ,  type  of a n a l y s i s  
(p ropor t i ona l  m o r t a l i t y  r a t e ) ,  smal l  number of dea ths ,  e tc . (Gibson 1983). 
Therefore ,  f u r t h e r  ep idemiologica l  r e sea rch  seemed f u l l y  j u s t i f i e d .  

This  s tudy  was undertaken i n  1982 on r eques t  of t h e  management and t h e  
union of a p l a n t  manufacturing formaldehyde-based r e s i n s ,  a f t e r  they  became 
aware of t h e  r e s u l t s  of experiments.  The p l a n t  had been a c t i v e  s i n c e  1959. 
The l a r g e s t  product ion was urea- and melamine- formaldehyde r e s i n s .  The 
second l a r g e s t  was s y n t h e t i c  rubbers  ( s t y r e n e )  manufactured i n  a s e p a r a t e  
department.  The p o t e n t i a l  f o r  exposure t o  another  suspected carcinogen 
(ep ich lorohydr in)  occurred i n  t h e  product ion of epoxy-resins,  a smal l  
product ion wi th  very  few employees involved. 

A s  u sua l ,  des ign ing  a s tudy i n  a n  occupat iona l  s e t t i n g  r e q u i r e s  coping 
wi th  predetermined cond i t i ons  ( c h a r a c t e r i s t i c s  of exposure,  number of people,  
e t c . ) .  However, from previous e s t i m a t e s  i n  t h e  United S t a t e s  of America i t  
was known t h a t  t h i s  was one of t he  occupat iona l  s e t t i n g s  wi th  a p o t e n t i a l  f o r  
h igh  exposure a t  l e a s t  i n  t h e  p a s t  (Table XXXII). 

Table XXXII Concentrat ions of formaldehyde i n  occupat iona l  environment 

Occupational environment Concent r a t  i on  range Year 
mg/m3 P P ~  

Fab r i c  c u t t i n g  and sewing 1.23-13.53 
Dress shop 0.16-0.55 
Resin manuf act l i re  and 

paper product ion 19.68-36.9 
Paper cond i t i on ing  1.11- 1.97 
T e x t i l e  garment product i on  1.11-3-32 
Clothing s t o r e  1.11-4.06 
T e x t i l e  product ion 0.0-3.3 
Wood process ing  38.38 max 
Laminating p l a n t s  0.05-13.41 
T e x t i l e  p rocess ing  sma l l e r  than  6.15 
Sheepskin dyeing 5.78 
Funeral  home embalming 0.11-6.47 

16-30 
0.9-1.6 
0.9-2.7 
0.9-3.3 
0.0-2.7 
31.2 max 
0.04-10.9 

sma l l e r  than  5.0 
4.07-63.41 
0.09-5.26 - 

Rubber process ing  0.49-0.98 0.4-0.8 1975 

* By P.A. Be r t azz i ,  1984; r ev i sed  1985. 



From National  I n s t i t u t e  f o r  Occupational Sa fe ty  and Heal th (1976); Nat iona l  
Research Council (1980) 
Source: I n t e r n a t i o n a l  Agency f o r  Research on Cancer (1982),  Table 4, p 353. 

PART 1 

Out come 

Animal s t u d i e s  have pointed out  a very s p e c i f i c  r i s k  of cancer  a s s o c i a t e d  
with formaldehyde i n h a l a t i o n ,  i . e .  squamous-cell carcinoma of t h e  n a s a l  
c a v i t i e s  . 
Question 1.1 

Given the  experimental r e s u l t s ,  what type of outcome (cancer )  do you 
cons ider  worth studying? 

The cancer  experience of workers employed i n  t h e  p l a n t  s i n c e  1959 was 
examined. Information on t h i s  type of outcome can be acquired from two main 
sources:  dea th  c e r t i f i c a t e s  and h o s p i t a l  (medical)  records.  

Question 1.2 

I n  p r i n c i p l e ,  which one is  p re fe rab le?  Why i s  m o r t a l i t y  (dea th  
c e r t i f i c a t e s )  used much more f r e q u e n t l y  than  inc idence  ( h o s p i t a l  records)  i n  
t he  domain of occupat ional  epidemiology? 

Exposure 

I d e a l l y ,  what one would l i k e  t o  know is t h e  amount of t h e  exposure of each 
ind iv idua l  sub jec t  over  t ime. However, i n  t h e  realm of non-experimental 
s t u d i e s  ( p a r t i c u l a r l y  i n  occupat iona l  s e t t i n g s )  t h e  i n d i v i d u a l  exposure can  
only be approximated. 

The d a t a  about exposure suppl ied by the  p l an t  were the  fol lowing:  
( a )  Type of r e s i n s  manufactured and amount per  year;  
( b )  Product ion processes ,  changes over t ime,  chemicals and r a w  m a t e r i a l s  used; 
( c )  Measurements of environmental exposure (formaldehyde and o t h e r  chemicals 

used i n  t he  p l a n t ) ,  taken a t  d i f f e r e n t  t imes between 1974 and 1979 ( a r e a  
samples).  Table X X X I I I  p r e s e n t s  t y p i c a l  ambient a i r  concen t r a t ions  of 
formaldehyde. 

( d )  Date of s t a r t i n g  and of leav ing  employment f o r  every worker; 
( e )  S p e c i f i c  jobs only f o r  c u r r e n t  employees; and 
( f )  P a r t i a l  r econs t ruc t ion  of the  work h i s t o r i e s  of pas t  employees by 

in te rv iewing  r e t i r e d  workers s t i l l  l i v i n g  i n  t h e  a r e a ,  c u r r e n t  workers 
employed f o r  a long time and foremen. 



Table X X X I I I  Formaldehyde concen t r a t i on  - h i s t o r i c a l  d a t a  

Date No. of samples Mean va lue  Max. va lue  
(mg1m3) ( m g ~ m 3 )  

J u l y  1974 3 3.3 4.3 
November 1978 12 1 .3  2.5 

12  0.3 0.5 
12  0.6 1 .4  

December 1978 12 0.2 0.5 
January 1979 12  1 . 5  2.5 

12  0.6 1 .0  
12  1.9 3.7 

February 197 9 12  1 .0  1.2 
6 2.7 5.0 

12 2.6 9.8 
4 3.8 6 .0  

March 1979 12  1 .5  3.4 
A p r i l  12  0.6 1 .0  
May 12  2.2 5.0 

Limit va lue  i n  I t a l y :  1 . 2  mg/m3 (1.Oppm) 

Quest ion 2 

Do you cons ide r  s a t i s f a c t o r y  t h e  q u a l i t y  and t h e  amount of information 
provided by t h e  company? What a d d i t i o n a l  in format ion  would you have l i k e d ?  
For any of t he  above i t e m s  g ive  reasons  f o r  cons ider ing  i t  s a t i s f a c t o r y  o r  not  
and make p o s s i b l e  sugges t ions  f o r  c o l l e c t i n g  more d e t a i l e d  and complete 
information on . i nd iv idua l  exposure. 

PART 3 

Populat ion  

A l l  workers eve r  employed i n  t h e  p l an t  a t  any time and i n  any department 
between 1959 and 1980 f o r  a per iod  of a t  l e a s t  s i x  months were considered 
e l i g i b l e  i n  t h e  study. The c r i t e r i a  were met by 1332 male and 65 female 
workers. The i r  v i t a l  s t a t u s  was a s c e r t a i n e d  a s  of 31 December 1980 except  f o r  
a few i n d i v i d u a l s ,  a s  shown i n  Table XXXIV. 



Table XXXIV Follow-up and v i t a l  s t a t u s  of workers 

E l i g i b l e  
Traced 
Alive 
Dead 
Unt raced 

Male Female 

Females were no t  f u r t h e r  considered i n  t h e  a n a l y s i s .  

Question 3 .1  

Comment on t h e  above mentioned membership c r i t e r i a .  I n  p a r t i c u l a r ,  is  
t h e r e  any good reason  f o r  excluding workers wi th  less than  s i x  months of 
exposure? 

Ques t ion  3.2 

Do you ag ree  w i th  t h e  exc lus ion  of female workers? 

Ouestion 3.3 

Are you happy wi th  t h e  completeness of t he  t r a c i n g ?  

P a r t  4 

Person yea r s  

Workers can e n t e r  t he  p l a n t ,  and hence t h e  s tudy ,  a t  any time wi th in  t h e  
per iod of observa t ion .  D i f f e r e n t  t imes  of e n t r y  imply d i f f e r e n t  pe r iods  of 
observa t ion  ( r i s k )  and the  c o n t r i b u t i o n  of each worker t o  t he  t o t a l  number of 
person-years ( i . e .  t h e  amount of population-time accrued by t h e  observed 
popula t ion  dur ing  the  s tudy  per iod)  must be c a l c u l a t e d .  

Table XXXV shows t h e  d i s t r i b u t i o n  of t h e  person-years of observa t ion  
according t o  a t t a i n e d  age and ca l enda r  per iod .  

Ouestion 4.1 

Examine c a r e f u l l y  t he  d i s t r i b u t i o n  of person-years and comment on t h e  
p o s s i b l e  imp l i ca t i ons  of t h e  d i s t r i b u t i o n  wi th  regard  t o  t h e  g o a l  of t h e  
s tudy.  



Table XXXV D i s t r i b u t i o n  of person-years according 
t o  age and s tudy  per iod 

Study per iod  A g  e (yea r s )  T o t a l  
2 5 25-34 35-44 45-54 55-64 65 and 

over  

1959-1963 302 556 500 306 5 3 2 1719 
1964-1968 736 1428 1162 852 230 6 441 4 
1969-1973 611 1805 1520 1122 565 47 5670 
1974-1978 181 1721 841 1366 81 8 177 5104 
1979-1980 28 51 7 756 598 382 157 2438 
T o t a l s  1858 6027 4779 4244 2048 38 9 19345 

I n  t h e  a n a l y s i s  s t a g e ,  person-years of observa t ion  a r e  d i s t r i b u t e d  by 
o t h e r  r e l evan t  v a r i a b l e s ,  e.g.  l a t e n c y ,  d u r a t i o n  of exposure,  age of f i r s t  
exposure,  e t c .  Consider t h e  experience of t h e  fol lowing workers: 

Date of b i r t h :  1 Jan. 1930 - d a t e  of employment: 1 Jan. 1960 - d a t e  of 
leaving:  1 Jan. 1973 

Let  u s  now cons ider  two v a r i a b l e s ,  namely d u r a t i o n  of exposure (5-year 
c a t e g o r i e s )  and age a t  f i r s t  exposure (5-year c a t e g o r i e s ) .  I n  t h e  scheme 
below, t he  t o t a l  number of person-years con t r ibu t ed  by t h e  workers has  been 
d i s t r i b u t e d  according t o  two d i f f e r e n t  and a l t e r n a t i v e  methods (A versus  B): 

Duration of exposure (yea r s )  Age a t  f i r s t  exposure (yea r s )  
Method 5 5-10 10-15 15-20 To ta l  Method 30-35 35-40 40-45 45-50 T o t a l  

Ques t ion  4.2 
Which one of t he  a l t e r n a t i v e  methods ( A  ve r sus  B) i s  c o r r e c t  f o r  d u r a t i o n  of 

exposure and age f i r s t  exposed? Give reasons  f o r  your choice.  

PART 5 

Resul t  S 

The fol lowing r e s u l t s  were obtained regarding s e l e c t e d  causes  of dea th  i n  t h e  
e n t i r e  cohor t  of r e s i n s  manufacturers  (Table XXXVI). For each cause ,  workers 
m o r t a l i t y  i n  t h e  per iod 1959-1980 was compared wi th  two s e t s  of m o r t a l i t y  r a t e s :  

- M o r t a l i t y  of t h e  n a t i o n a l  male popula t ion  of t h e  same b i r t h  cohor t  (5-year 
c a t e g o r i e s )  ; 

- Mor ta l i t y  of the  male popula t ion  of the  same b i r t h  cohort  ( f i v e  yea r s )  l i v i n g  
i n  t h e  a r e a  where t h e  p l a n t  js loca t ed .  



Expected dea ths  were c a l c u l a t e d  a s  u sua l  by mu l t i p ly ing  t h e  age and 
ca lendar  per lod  ( f i v e  yea r s )  s p e c i f i c  r a t e s  i n  t h e  r e f e r e n t  popula t ion  by t h e  
corresponding number of person-years i n  t h e  s tudy  populat ion.  Standardized 
m o r t a l i t y  r a t i o s  (SMR) (comparing observed dea ths  t o  expected dea ths  a f t e r  
t ak ing  i n t o  account age and ca l enda r  per iod)  were then  c a l c u l a t e d  as measures 
of e f f e c t .  Confidence l i m i t s  of SMRs were c a l c u l a t e d  us ing  a  program f o r  a  
desk ca l cu l a to r* ,  assuming a  Poisson d i s t r i b u t i o n  of t h e  observed dea ths .  

Table  XXXVI M o r t a l i t y  f o r  s e l e c t e d  causes  of r e s i n s  manufacturers  
Expected dea ths  c a l c u l a t e d  from n a t i o n a l  m o r t a l i t y  r a t e s  o r  l o c a l  m o r t a l i t y  r a t e s  

Cause of Nat iona l  Confi- L imi t s  Local Conf i- Limi ts  
dea th  Observed Expected SMR dence Expec- SMR dence 

Lower Upper t ed  Lower Upper 

A l l  causes  112 103.70 108 121.44 92 
Malignant 

tumours 42 27.27 154* 111 208 39.72 106 
Alimentary 

t r a c t  14 8.97 156 13.34 105  
Oesophagus 

and stomach 7 4.73 148 7.53 93 
Lung 1 8  7.63 236* 140 373 9.70 186* 110 293 
Hematological 

neoplasm 5 2.49 201 3.25 154 
Cardiovascular  

d i s e a s e  24 33.33 72 39.34 61" 39 91 
Respi ra tory  

d i s e a s e  6 6.19 97 5.36 112 
Alimentary 

t r a c t  d i s e a s e  7 11.48 61 12.28 57 
Ex te rna l  causes  1 7  14.66 116 12.23 39 

* S t a t i s t i c a l l y  s i g n i f i c a n t  ( two-tai led p less than  0.05) 

Ques t ion  5.1 
Comment upon t h e  r e s u l t s  p resen ted  i n  Table XXXVI and i n  p a r t i c u l a r  on: 
- t h e  number of events  which occur red ;  
- t h e  value of t he  SMRs f o r  t h e  causes  considered.  

Question 5.2 
Do you ag ree  wi th  t h e  use of s e v e r a l  comparison popula t ions?  Which a r e  t h e  

m e r i t s  and t h e  p o s s i b l e  drawbacks i n  us ing  l o c a l  o r  n a t i o n a l  m o r t a l i t y  as 
comparison? 



m Question 5.3 

Af t e r  cons ider ing  c a r e f u l l y  t h e  r e s u l t s  i n  t h i s  t a b l e ,  what kind of 
sugges t ions  would you make t o  f u r t h e r  examine the  a s s o c i a t i o n  under s tudy? 

A s  a n  a d d i t i o n a l  s t e p  towards a s se s s ing  a  p o s s i b l e  a s s o c i a t i o n  between 
workers' m o r t a l i t y  and type  of work performed, d a t a  were analysed according t o  
a  set of v a r i a b l e s ,  on which informat ion  was a v a i l a b l e :  age and year  of h i r e ,  
l a t ency ,  d u r a t i o n  of employment i n  t h e  p l a n t .  

Question 5.4 

For each v a r i a b l e  exp la in  i t s  p o s s i b l e  c o n t r i b u t i o n  t o  t he  s tudy  of t h e  
a s s o c i a t i o n  between type  of work and cause of dea th .  

I n  t h i s  a n a l y s i s  expected dea ths  were c a l c u l a t e d  us ing  l o c a l  m o r t a l i t y  
r a t e s .  Tables  X X X V I I ,  XXXVIII and XXXIX show some r e s u l t s  f o r  s e l e c t e d  
causes .  The number and ampli tude of t he  s t r a t a  f o r  each v a r i a b l e  were 
e s t a b l i s h e d  w i t h i n  t h e  l i m i t s  of t h e  s tudy  per iod  (1959-1980) a  p r i o r i ,  i . e .  
before  knowing the  d i s t r i b u t i o n  of dea ths .  

Ouestion 5.5 

Do you s e e  any p a r t i c u l a r  p a t t e r n  o r  t r end  f o r  any cause i n  t h e  Tables  
XXXVII ,  X X X V I I I  and XXXIX? Explain t h e  imp l i ca t i on  of t h e  f i n d i n g s  t o  t h e  
i n t e r p r e t a t i o n  of the  a s s o c i a t i o n  under s tudy.  

The a n a l y s i s  performed s o  f a r  was aimed a t  explor ing  t h e  a s s o c i a t i o n  
between "working i n  t h e  r e s i n s  p l an t "  a s  a  r i s k  f a c t o r  i n  i t s e l f  and 
cancer  m o r t a l i t y .  The sugges t ion  of an  increased  r i s k  of lung cancer  and i t s  
apparen t ly  weak a s s o c i a t i o n  wi th  working i n  t h e  r e s i n s  p l an t  per  s e  b r ing  u s  
c l o s e r  t o  t h e  a c t u a l  a s s o c i a t i o n  of i n t e r e s t ,  i . e .  a  s p e c i f i c  exposure 
(formaldehyde) and cancer.  

Given t h e  a v a i l a b l e  d a t a  on exposure,  workers were c l a s s i f i e d  according t o  
t h e i r  jobs (whether they had been working exposed t o  formaldehyde o r  no t ) .  
Th i s  was p o s s i b l e  because the  job m o b i l i t y  i n  t h e  p l a n t  turned out  t o  be 
r a t h e r  low: 79% of t h e  workers had been employed i n  a  s i n g l e  job du r ing  t h e i r  
working experience i n  t h e  p l a n t ,  and almost a l l  workers engaged i n  t h e  
formaldehyde-based r e s i n s  product ion  d i d  no t  spend r e l evan t  pe r iods  of t ime i n  
o t h e r  departments.  However, d e t a i l e d  work h i s t o r i e s  were a v a i l a b l e  f o r  on ly  
1088 (82%) of t h e  workers. This  problem w i l l  be d e a l t  wi th  l a t e r .  Le t  u s  now 
cons ide r  t h e  m o r t a l i t y  of workers known t o  have been exposed t o  formaldehyde. 



Table  XXXVII  M o r t a l i t y  from s e l e c t e d  c a u s e s  by age  a t  f i r s t  exposure  

Age f i r s t  exposed 
Cause of d e a t h  ( y e a r s  45 o r  T o t a l  

2 5 25-34 35-44 o v e r  

A l l  c a u s e s  Obs. 7 1 8  44 4 3 112 
Exp. 7.86 17.27 37.52 58.78 121.43 
SMR. 89 104 11 7 7 3 92 

A l l  c a n c e r  Obs. 2 7 1 8  1 5  42 
Exp . 1.43 5.47 14.09 18.74 39.73 
SMR. 140 128 128 8 0  106  

Al imentary  Obs. 1 2 5 6 1 4  
tract c a n c e r  Exp. 0.22 1 .24 4.60 7.28 13.34 

SMR. 456 162 109 8 2 1 0 5  

Lung c a n c e r  Obs. 1 1 9 7 1 8  
Exp. 0.02 1.67 3.94 4.07 9.70 
SMR. 5117* 6 0 229* 172 186* 

* S t a t i s t i c a l l y  s i g n i f i c a n t  ( two- ta i l ed  p l e s s  t h a n  0.05).  

Table  XXXVIII M o r t a l i t y  from s e l e c t e d  c a u s e s  by l a t e n c y  p e r i o d  

Cause of d e a t h  La tency  ( y e a r s )  1 5  o r  T o t a l  
4 5-9 10-14 o v e r  

A l l  c a u s e s  Obs. 16 30 3 4 32 112 
Exp. 22.28 27.51 33.27 38.38 121.44 
SMR. 72 109 102 83  92 

A l l  c a n c e r  Obs. 6 11 1 3  1 2  4 2 
Exp. 6.14 9.06 11.65 12.88 39.73 
SMR. 98 1 2 1  112 9 3 106 

Al imentary  Obs. 2 6 3 3 1 4  
t r a c t  cancer  Exp. 2.03 3.06 3.88 4.36 13 .33  

SVR. 98 196  7 7 6 9 1 0 5  

Lung c a n c e r  Obs. 2 4 6 6 1 8  
Exp. 1 .33 2.08 3.00 3.30 9.71 
SMR. 151  192 200 182 186* 

* S t a t i s t i c a l l y  s i g n i f i c a n t  ( t w o - t a i l e d  p l e s s  t h a n  0.05).  



Table XXXIX M o r t a l i t y  from s e l e c t e d  causes  by d u r a t i o n  of exposure 

Cause of dea th  Durat ion of exposure ( y e a r s )  T o t a l  
4 5-9 10-1 4 1 5  o r  

over 

A l l  causes  Obs. 66 2 6 16  4 112 
Exp. 67.45 26.51 17.51 10.37 121.84 
SMR. 98 100 9 1 39 92 

A l l  cancer  Obs. 26 11 4 1 42 
Exp. 21.42 8.44 6.13 3.73 39.72 
SMR. 121 130 65 27 106 

Alimentary Obs. 7 4 3 - 14 
t r a c t  cancer  Exp. 7.08 2.88 2.12 1.26 13.34 

SMR. 99 139 142 - 105 

Lung cancer  Obs 11 5 1 1 1 8  
Exp 5.16 2.04 1.53 0.97 9.70 
SMR 213* 245* 6 5 103 186* 

* S t a t i s t i c a l l y  s i g n i f i c a n t  (two t a i l e d  p less than  0.05) 

Table  XL r e p r e s e n t s  t h e  r e s u l t s  f o r  s e l e c t e d  causes  of dea th .  
Tables  XL1 and XL11 show f o r  t h e  same causes  r e s u l t s  of a n a l y s i s  according t o  
d u r a t i o n  of exposure and l a t ency .  

Table  XL M o r t a l i t y  f o r  s e l e c t e d  causes  of workers 
exposed t o  formaldehyde (5731 person-years) 

Cause of dea th  Observed Expected SMR 
A l l  causes  51 46.0 111 
Malignant tumours 19 14.9 128 
Alimentary t r a c t  cancer  8 5.2 155 
Lung cancer  5 3.7 136 
Hematological neoplasm 3 1.1 27 3 



Table XL1 Mor t a l i t y  f o r  s e l e c t e d  causes  by d u r a t i o n  of exposure 
(workers exposed t o  formaldehyde only)  

Cause of dea th  Dura t ion  of exposure (yea r s )  T o t a l  
4 5-9 10-1 4 1 5  o r  

over  
A l l  causes  Obs. 23 1 6  9 3 51 

Exp . 22.93 11.79 6.74 4.56 46.02 
SMR. 100 136 134 66 111 

A l l  cancer  Obs. 8 8 2 1 1 9  
Exp . 7.20 3.76 2.32 1.61 14.89 
SMR . 111 213" 86 6 2 128 

Alimentary 
t r a c t  cancer  Obs. 2 4 2 - 8 

Exp . 2.47 1.32 0.83 0.57 5.19 
SMR . 81 304 241 - 155 

Lung cancer  Obs. 2 2 - 1 5 
Exp . 1.77 0.92 0.56 0.41 3.66 
SMR . 133 21 7 247 136 

* S t a t i s t i c a l l y  s i g n i f i c a n t  (two t a i l e d  p sma l l e r  t han  0.05) 

Table XL11 Mor ta l i t y  f o r  s e l e c t e d  causes  by l a t e n c y  per iod  
(workers exposed t o  formaldehyde only)  

Latency (yea r s )  
Cause of dea th  4 5-9 10-14 1 5  o r  T o t a l  

over  

A l l  causes  Obs. 4 14  1 5  17  5 0 
Exp . 7.27 9.49 11.08 18.17 46.01 
SMR . 6 9 148 135 94 109 

A l l  cancer  Obs. 3 5 5 6 19  
Exp . 2.05 2.98 3.83 6.03 14.89 
SMR. 146 168 131 100 128 

Alimentary 
t r a c t  cancer  Obs. 1 4 1 2 8 

Exp . 0.70 1.07 1.36 2.05 5.18 
SMR . 144 376* 74 9 7 155 

Lung cancer  Obs. 1 1 1 2 5 
Exp . 0.49 0.65 0.97 1.55 3.66 
SMR. 203 154 103 129 136 



Question 5.6 
Is t h e r e  any suggest ion of an a s s o c i a t i o n  between exposure t o  formaldehyde 

and m o r t a l i t y  f o r  t h e  causes considered? 

Question 5.7 
Which a r e  the  major poss ib l e  b i a s e s  i n  t h i s  a n a l y s i s ?  

Question 5.8 
Would you suggest any f u r t h e r  a n a l y s i s ?  

Giving t h e  above mentioned drawbacks i n  t h e  comparison of a n  occupat iona l  
cohort  wi th  t h e  genera l  popula t ion  ( e i t h e r  n a t i o n a l  o r  l o c a l ) ,  i t  was decided 
t o  perform a n  i n t e r n a l  comparison between workers exposed t o  formaldehyde and 
worlcers without such exposure. Three subcohorts  were thus  i d e n t i f i e d :  exposed 
t 6  formaldehyde, never exposed t o  formaldehyde, unknown exposure (workers 
without d e t a i l e d  work h i s t o r y ) .  

Table XL111 p re sen t s  r e s u l t s  f o r  s e l e c t e d  causes i n  the  subcohorts.  Also 
t h e  number of person-years i n  each subcohort is  repor ted .  Clear ly ,  workers 
wi th  "unknown" exposure experienced the  l e a s t  favorable  mor t a l i t y :  t h e  excess  
f o r  a l l  cancers  and lung cancer  i s  s t a t i s t i c a l l y  s i g n i f i c a n t .  Workers wi th  
"other"  exposure ( i . e .  no formaldehyde) exh ib i t ed  a m o r t a l i t y  lower t han  
expected except  f o r  t h e  one caused by lung cancer .  

Table XLIII Cancer m o r t a l i t y  by type of exposure i n  t he  p l an t  

Cause of dea th  Type of exposure (person-years) 
Formaldehyde Other Unknown 
(5731) (10527) (4078) 

A l l  cancers  Obs. 19  
Exp . 14.9 
SMR . 128 

Alimentary Obs. 8 1 5 
t r a c t  cancer  Exp. 5.2 5.5 2.7 

SMR. 155 1 8  187 

Lung cancer  Obs. 5 6 7 
Exp . 3.7 4.1 1 . 9  
SMR. 136 148 358* 

Hematological Obs. 3 1 1 
neoplasms Exp . 1.1 1.5  0.7 

SMR . 27 3 6 7 143 

* S t a t i s t i c a l l y  s i g n i f i c a n t .  



There were no ways, a t  l e a s t  f o r  t h e  moment, t o  a s c e r t a i n  t h e  "unknown" 
exposure. A very simple a t tempt  was made i n  o rde r  t o  e s t ima te  t h e  p o s s i b l e  
b i a s  introduced i n  t h e  r e s u l t s  by the  l a c k  of information about a  c e r t a i n  
propor t ion  of working h i s t o r i e s .  Thus, workers wi th  unknown exposure were 
a l t e r n a t i v e l y  assigned e i t h e r  t o  t h e  subcohort of formaldehyde exposed workers 
o r  t o  t h e  subcohort of workers wi th  o t h e r  exposure. The r e s u l t s  turned out  t o  
be a s  i l l u s t r a t e d  i n  Table XLIV. 

Table XLIV Resul t s  of the a n a l y s i s  wi th  t h e  assignment of workers 
wi th  unknown exposure a l t e r n a t i v e l y  t o  t h e  group of formaldehyde 

exposed o r  o t h e r  exposure 

Type of exposure (person-years) 
Cause of dea th  Formaldehyde Formaldehyde Other Other and 

+ unknown unknown 
(5731) (9809) (10527) (14605) 

A l l  cancers  Obs. 1 9  33 9  23 
Exp . 14.9 22.9 16.7 24.7 
SMR. 128 144 5  4  9  3 

Alimentary Obs. 8 1 3  1 6 
t r a c t  ca .  Exp . 5.2 7.8 5.5 8.1 

SMR . 155 166 18  74 

Lung cancer  Obs. 5 12  6  1 3  
Exp . 3.7 5.6 4.1 6  
SMR . 136 214 148 21 6  

Hematological Obs. 3  4  1 2 
neoplasms Exp . 1.1 1.8  1.5 2.2 

SMR. 273 222 6  7  92 

Question 5.9 
Consider t h e  r e s u l t s  and comment on t h e i r  re levance f o r  t he  eva lua t ion  of 

t h e  a s s o c i a t i o n  under study." 

PART 6  
Discussion and f ind ings  i n t e r p r e t a t i o n  

To summarize the  f ind ings ,  a c e r t a i n  a s s o c i a t i o n  between exposure i n  t he  
p l a n t  and cancer  m o r t a l i t y  of t h e  employees i s  i n  t h e  da t a .  However, a s  
a l r eady  noted, t he re  was no cons is tency  throughout the  d i f f e r e n t  s t e p s  of t he  
a n a l y s i s  and many l i m i t a t i o n s  a f f e c t e d  the  s tudy.  A thorough d i scuss ion  i s  
warranted. 

When an  a s s o c i a t i o n  between an  exposure and an  outcome i s  i n  t he  da t a  i t  
does not n e c e s s a r i l y  mean t h a t  it  i s  causa l .  A l t e rna t ive  explana t ions  e x i s t ,  
i . e .  chance and b i a s .  Let  u s  cons ider  t hese  poss ib l e  explana t ions  f i r s t ,  
focussing on cancer  mor t a l i t y .  



e Question 6.1 
Consider r e s u l t s  regarding a l l  cancer ,  lung cancer ,  a l imentary  t r a c t  

cancer  and hematological  neoplasms. Can any of the  excesses  be explained by 
chance alone? 

A sys temat ic  e r r o r  ( b i a s )  can be the  a c t u a l  explana t ion  of a n  observed 
a s soc i a t ion .  This  po in t  has  been p a r t i a l l y  addressed a l s o  i n  previous 
paragraphs. There a r e  t h r e e  common sources of b i a s :  

- confounding (e.g.  a lcohol  may appear a s soc i a t ed  wi th  lung cancer  not  
because it i s  a  t r u e  r i s k  f a c t o r ,  but only f o r  i t s  a s s o c i a t i o n  wi th  
c i g a r e t t e  smoking, t h e  t r u e  r i s k  f a c t o r ) ;  

- s e l e c t i o n  of s u b j e c t s  en t e r ing  i n  t he  study; and 
- information a v a i l a b l e .  

Question 6.2 
Discuss each of the  above sources of b i a s  i n  t he  view of i n t e r p r e t i n g  

r e s u l t s  regarding cancer  m o r t a l i t y .  

A t  t h i s  s t a g e ,  a f t e r  d i scuss ing  "chance" and "b ias"  i t  i s  a  s u i t a b l e  
oppor tuni ty  t o  consider  "causa l i t y"  a s  an  explana t ion  of t h e  f ind ings .  This 
d i scuss ion  impl ies  the  cons ide ra t ion  t o  be given t o  a  s e t  of c r i t e r i a  which 
can he lp  u s  i n  a  "non-experimental" s e t t i n g :  t h e  s e l e c t e d  animals ( p a t i e n t s )  
a r e  not t r e a t e d  wi th  a  known dose ( t r ea tmen t ) ,  ye t  t he  e x i s t i n g  d a t a  must be 
explo i ted  t o  mimic a s  c l o s e l y  a s  p o s s i b l e  t h i s  very s i t u a t i o n .  The fo l lowing  

e a r e  some of the  c r i t e r i a  t o  be followed i n  order  t o  eva lua t e  t he  causa l  na tu re  
of a n  "exposure-outcome" a s s o c i a t i o n  and s t r eng then  t h e  i n t e r p r e t a t i o n  of t h e  
s tudy r e s u l t s :  s t r e n g t h  of the  a s s o c i a t i o n ,  dose-response r e l a t i o n s h i p ,  
s p e c i f i c i t y  of t h e  a s s o c i a t i o n ,  and cons is tency  of r e s u l t s .  

Question 6.2 
Discuss each of the l i s t e d  c r i t e r i a  of " causa l i t y"  i n  the  context  of 

r e s u l t s  y ie lded  by the  s tudy.  

Question 6.4 
Are the re  o the r  c r i t e r i a  u se fu l  t o  t h i s  goa l?  

Question 6.5 
Would you c a l l  t h i s  s tudy "negat ive"? 





INSTRUCTOR' S NOTES 
FORMALDEHYDE AND CANCER 

Purposes of t h e  example 
The main ob jec t ive  i s  t o  i l l u s t r a t e  whether and how an  a s s o c i a t i o n  between 

exposure and d i s e a s e  can be looked a t  i n  a  t y p i c a l l y  non-experimental 
s i t u a t i o n ,  i . e .  a n  i n d u s t r i a l  cohort  examined r e t r o s p e c t i v e l y  ( h i s t o r i c a l l y ) .  

The focus i s  he re  on what can be done, g iven  t h e  e x i s t i n g  informat ion  and 
what cannot be i n f e r r e d  given t h e  l i m i t a t i o n s  inhe ren t  i n  s t u d i e s  of t h i s  
type. This  example on formaldehyde exposure has been chosen f o r  i t s  c u r r e n t  
relevance and i n t e r e s t .  Experimental da t a  and previous human s t u d i e s  e x i s t  
but they  a r e  inconclus ive  a s  t o  t h e  carc inogenic  r i s k  t o  humans (Gibson, 
1983). This  s tudy seemed a l s o  t y p i c a l  of t h e  problems and l i m i t a t i o n s  
encountered when conducting s i m i l a r  s tud ie s .  

S p e c i f i c  purposes 

Design, s tudy conduction 
and a n a l y s i s  

Resul t  i n t e r p r e t a t i o n  

PART 1 
Out come 

- Outcomes t o  be considered; 
- How t o  e x p l o i t  e x i s t i n g  information on 

exposure ; 
- Admission c r i t e r i a  i n t o  the  cohort ;  
- S u i t a b i l i t y  of r e f e r e n t  populat ions;  
- Guidel ines  f o r  subcohort a n a l y s i s ;  

- Need t o  explore  a l l  pos s ib l e  
explana t ions  f o r  t h e  f ind ings :  
chance, b i a s ,  c a u s a l i t y ;  

- Short  d i scuss ion  on "negative" s t u d i e s .  

Answer 1.1 

Although t h e  experimental s t u d i e s  pointed out  a  very s p e c i f i c  r i s k  of 
cancer ,  i t  i s  e s s e n t i a l  t o  cons ider  t h e  f u l l  range of cancers  when s tudying a 
human populat ion.  This  i s  due t o  t he  f a c t  t h a t ,  w i th  a  very few except ions ,  
chemical carcinogens a r e  m u l t i p o t e n t i a l .  I n  add i t i on ,  t h e  s i t e s  a t  r i s k  a r e  
not neces sa r i l y  t he  same i n  human beings a s  i n  experimental animals.  It i s  
a l s o  worth mentioning t h a t ,  g iven  t h e  r a r i t y  of s inonasa l  cancer ,  i n  o rde r  t o  
uncover such a  r i s k ,  a  very l a r g e  populat ion would have been required.  



Answer 1.2 
The information on cancer  type and s i t e s  i s ,  i n  gene ra l ,  much more 

accu ra t e  on h o s p i t a l  records than  on dea th  c e r t i f i c a t e s ,  s i n c e  the  f u l l  
medical d iagnos is  i s  not  always repor ted  on dea th  c e r t i f i c a t e s .  Therefore,  i n  
p r i n c i p l e  one would p r e f e r  t o  s tudy inc idence  r a t h e r  than  mor t a l i t y .  

However, s i n c e  an occupat iona l  cohort  i s  usua l ly  composed of people l i v i n g  
i n  d i f f e r e n t  a r e a s  who have been moving over time e t c . ,  cancer  inc idence  can  
be succes s fu l ly  i nves t iga t ed  provided t h a t :  
- a cancer  r e g i s t r a t i o n  system e x i s t s ;  and - such system i s  nation- o r  regionwide. 

Moreover, s i n c e  t h e  s tudy  covers  a  h i s t o r i c a l  experience,  t he  system . 
should be i n  ex i s t ence  f o r  a  s u f f i c i e n t  per iod  of t ime ( t h e  period r e l e v a n t  
f o r  t h e  s tudy of the  a s s o c i a t i o n  of i n t e r e s t ) .  Such s u f f i c i e n t l y  old and 
func t ioning  r e g i s t e r s  e x i s t  only i n  a  l imi t ed  number of coun t r i e s .  Causes of 
dea ths ,  i n s t e a d ,  have been r o u t i n e l y  recorded f o r  a  f a i r l y  long t i m e  i n  almost 
every country. Apart from c o n f i d e n t i a l i t y  a s p e c t s  imposing problems i n  some 
coun t r i e s ,  they  a r e  a v a i l a b l e  on an  ind iv idua l  b a s i s  f o r  s c i e n t i f i c  purposes. 
Moreover, s t u d i e s  performed i n  d i f f e r e n t  c o u n t r i e s  have demonstrated t h a t ,  a t  
l e a s t  f o r  t h e  main type of cancer ,  t h e r e  is  a s a t i s f a c t o r y  correspondence 
between c l i n i c a l  o r  pa thologica l  d i agnos i s  and dea th  c e r t i f i c a t i o n  (Alderson & 
Medde, 1967, de  F a i r e ,  e t  a l .  1976; Percy, e t  a l .  1981, Gobbato, e t  a l .  
1982). This  i s  a l s o  due t o  t h e  f a c t  t h a t ,  t y p i c a l l y ,  t h e  case  f a t a l i t y  r a t e  
f o r  cancer  i s  high ( i . e .  the  time between d iagnos is  and dea th  i s  r a t h e r  s h o r t ) .  

Considering a l l  t h e  above, t h e  e a s i e r  a c c e s s i b i l i t y  of dea th  records  make 
m o r t a l i t y  t h e  most widely used outcome measure i n  occupat ional  cohort  
s t u d i e s .  For t h e s e  same p r a c t i c a l  reasons ( inc lud ing  t h e  l a c k  of a  cancer  
r e g i s t r a t i o n  system), t h i s  s tudy  was designed a s  a m o r t a l i t y  study. 

PART 2 
Exposure 

The main f e a t u r e s  of exposure we have t o  cons ider  a r e  type,  l e v e l  and 
dura t ion .  

The exposure may be s i n g l e  o r  mixed. I n  t he  working environment, l i k e  the  
one being s tud ied ,  exposure is  o f t e n  mixed and changing over time. I n  t h e  
p l an t  under cons ide ra t ion  changes can occur i n :  
- i nd iv idua l  product ion processes ,  
- b a s i c  compounds and raw m a t e r i a l s  involved; o r  
- type of a i rbo rne  chemicals.  

So t h e  information about t he  type of exposure may be considered as 
s u f f i c i e n t l y  good. It i s  a l s o  necessary t o  know t h e  chemical and phys i ca l  
c h a r a c t e r i s t i c s  of the subs tances ,  because they can determine the  rou te  of 
absorpt ion.  



Level 
Es t imates  of t h e  l e v e l  of exposure could be obtained from d i f f e r e n t  m - 

sources : 

- The amount of chemicals involved i n  d i f f e r e n t  product ion processes  over 
t ime ; 

Environmental monitoring (measurements of t he  concent r a t  ion  of t he  
substances i n  environmental a i r  wi th  t h e  use  of a r e a  o r  personal  
sampling).  The use of personal  sampling normally al lows a  more g loba l  
eva lua t ion  of t h e  exposure, s i n c e  i t  t akes  i n t o  account,  f o r  i n s t ance ,  
workers displacements  during t h e  workshi f t  and t h e  v a r i a t i o n  of 
concent ra t ions  i n  d i f f e r e n t  a r eas .  The environmental d a t a  a v a i l a b l e  i n  
t h e  s tudy were, i n s t e a d ,  f i xed  measurements g iv ing  some gene ra l  
information about t h e  exposure. It can be seen from Table X X X I I I  t h a t  
many measurements were above t h e  cu r r en t  l i m i t  value. Yet,  t he  job- 
s p e c i f i c  exposure f o r  i n d i v i d u a l  workers cannot be evaluated.  It i s  
important t o  under l ine  t h a t  i n  many occupat ional  s t u d i e s  i t  i s  d i f f i c u l t  
t o  r econs t ruc t  t h e  s i n g l e  sub jec t  exposure a c c u r a t e l y  ( f o r  i n s t ance ,  none 
of t he  s t u d i e s  publ ished so  f a r  regarding occupat ional  exposure t o  
formaldehyde and cancer  was a b l e  t o  provide d e t a i l e d  information on 
exposure) (Gibson, 1983); 

- A t h i r d  poss ib l e  source i s  b io log ica l  monitoring (Lauwerys, 1983) which 
g ives  t h e  most exhaust ive informat ion  on t h e  a c t u a l  exposure of i n d i v i d u a l  

m sub jec t s .  However, b i o l o g i c a l  monitoring i s  c u r r e n t l y  a v a i l a b l e  f o r  a  
l imi t ed  number of chemical compounds. Theore t i ca l ly ,  b i o l o g i c a l  
monitor ing of formaldehyde exposure i s  poss ib l e  (e.g. formic a c i d  i n  
u r i n e )  but t h e r e  a r e  no sound and v a l i d  methods a v a i l a b l e  f o r  l a r g e  
populat ions.  I n  any case ,  no b i o l o g i c a l  measurements had been performed 
i n  t h i s  p l a n t .  

Durat ion 
It i s  necessary t o  know s i n c e  when and f o r  how long the  workers have been 

exposed. The information t o  be c o l l e c t e d  Inc ludes  not only t h e  number of 
yea r s  o r  months i n  which t h e  sub jec t  has been exposed, but a l s o  the  period of 
t ime,  s ince  changes i n  product ion processes  may have modified t h e  exposure 
l e v e l .  I n  t h i s  s tudy t h e  examination of p l an t  records allowed the  
i d e n t i f i c a t i o n  of t h e  d a t e  of beginning and of leav ing  employment f o r  each 
worker. The r econs t ruc t ion  of i nd iv idua l  work h i s t o r i e s  was c a r r i e d  out by 
in te rv iew.  This  method can be used when d e t a i l e d  recorded work h i s t o r i e s  a r e  
lacking.  

Other l i m i t a t i o n s  might be d iscussed ,  inc luding:  
- Information may be more accu ra t e  f o r  s u b j e c t s  h i r ed  r ecen t ly  than  f o r  

those h i red  i n  t he  p a s t ;  
- It is not easy t o  r econs t ruc t  t he  work h i s t o r i e s  of t he  i n d i v i d u a l s  

employed f o r  a  s h o r t  t ime; and 
- Information about a  sub jec t  may be doubt fu l  when in te rv iewing  workmates on 

jobs held by former employees. 



PART 3  
Populat ion 
Answer 3.1 

It is  important  t o  cons ider  f o r  i n c l u s i o n  i n t o  t h e  s tudy  a l l  workers 
employed from t h e  beginning of t h e  product ion of i n t e r e s t  and t o  perform some 
kind of checking of t he  completeness of t he  l i s t  provided. Workers wi th  very  
r ecen t  exposure might be less i n t e r e s t i n g  f o r  t h e  a s s o c i a t i o n  under s tudy:  
however, they can be e a s i l y  separa ted  i n  t h e  a n a l y s i s  s t a g e  and may become of 
g r e a t e r  i n t e r e s t  f o r  a  f u r t h e r  follow-up. There a r e  no sound s c i e n t i f i c  
reasons f o r  excluding workers wi th  less than ,  say ,  s i x  ( o r  fou r  o r  twelve) 
months of exposure. However, workers with a  r a t h e r  long per iod of exposure 
a r e  r e l evan t  f o r  t h e  s tudy  of t he  exposure-outcome a s s o c i a t i o n  of i n t e r e s t .  
On t h e  o t h e r  hand, p r a c t i c a l  cons ide ra t i ons  suggest  t h a t  workers wi th  a  v e r y  
s h o r t  exposure i n  t h e  p l an t  may have had s e v e r a l  o t h e r  d i f f e r e n t  k inds  of 
exposure. I n  c o u n t r i e s  where t h e  follow-up must be conducted on an i n d i v i d u a l  
b a s i s ,  t he se  workers u sua l ly  t u r n  out  t o  be t h e  most d i f f i c u l t  t o  t r a c e ,  s i n c e  
they tend t o  move f r equen t ly .  This  i s  a  p r a c t i c a l  reason f o r  no t  i nc lud ing  
them i n  t h e  follow-up. Moreover, such workers a r e  a l s o  d i f f e r e n t ,  s i n c e  i n  
gene ra l  they  experience h ighe r  morbid i ty  and m o r t a l i t y  ( G i l b e r t ,  1982). 

Answer 3.2 

The r e s t r i c t i o n  of t h e  s tudy  t o  male workers simply means t h a t  t h e  r e s u l t s  
may not  be a p p l i c a b l e  t o  female workers,  s i n c e  sex  could i n  some way a f f e c t  
t h e  a s s o c i a t i o n  examined. The exc lus ion  of female workers from t h e  a n a l y s i s ,  
however, r e s t e d  e s s e n t i a l l y  on t h e i r  t o t a l  number (65).  A t  any r a t e ,  t h e s e  
a r e  t he  c h a r a c t e r i s t i c s  of t h e  f o u r  c a s e s  of dea th  observed among female 
workers : 

CaseICause of Age of Latency Durat ion Age a t  Year of 
of dea th  dea th  of exposure h i r i n g  h i r i n g  

(yea r s )  (yea r s )  (yea r s )  (yea r s )  

1 Bladder cancer  5  8  19 6  39 1961 
2  Malignant lymphoma 33 1 1 3 2  1962 
3  L ive r  f a i l u r e  4  3  8  1 35 1964 
4  Unknown 25 10 6  15 1963 

Answer 3.3 

V i t a l  s t a t u s  was a sce r t a ined  f o r  98.6% (131411332) of t he  male workers,  a  
r a t h e r  h igh  propor t ion .  The po in t  of i n t e r e s t  i s ,  however, t h e  one of 
s e l e c t i o n .  Did t h e  untraced people have some p e c u l i a r  c h a r a c t e r i s t i c s  i n  
common? Although, sometimes, one can t r y  t o  o b t a i n  some informat ion  on t h e  
un t raced ,  i n  gene ra l  untraced people remain unknown. Therefore ,  one t r i e s  t o  
t r a c e  t h e  s tudy  popula t ion  a s  comprehensively a s  p o s s i b l e  j u s t  t o  avoid 
s e l e c t i o n  problems. 



A s  a  r u l e  of thumb, a  p ropor t i on  of 95% o r  more i s  considered t o  p r o t e c t  a  
s tudy  from major s e l e c t i o n  b i a s .  A conserva t ive  approach t o  t h i s  i s s u e  i s  t o  
cons ider  a l l  unknown people  a s  a l i v e  a t  t h e  end of t h e  follow-up i n  t h e  
a n a l y s i s  s t age .  On t h e  o t h e r  hand, a  conse rva t ive  view i s  not  n e c e s s a r i l y  t h e  
b e s t  s tandpoin t .  One could,  f o r  i n s t a n c e ,  choose an  oppos i t e  view and 
cons ider  a l l  untraced workers a s  dead a t  t h e  end of t h e  s tudy  o r  a t  t h e  d a t e  
of t h e i r  l o s s  t o  fo l low up. Between these  extreme op t ions ,  o t h e r s  e x i s t ,  a s  
f o r  i n s t ance ,  a t t r i b u t i n g  l o s t  people t o  t h e  dead o r  a l i v e  ca tegory  according 
t o  t h e  same p ropor t i ona l  d i s t r i b u t i o n  observed among t h e  t r aced  ones. 

PART 4 

A more d e t a i l e d  d e s c r i p t i o n  of person-years c a l c u l a t i o n  can be found i n  
t h e  e x e r c i s e  regard ing  v i n y l  c h l o r i d e  and cancer .  The i l l u s t r a t i o n  of t h e  
underlying concept and c a l c u l a t i o n  of an example by t h e  i n s t r u c t o r  i s  
recommended he re. 

Answer 4.1 
With regard t o  t he  p re sen t  example, one can note  t h a t  only 1719 

person-years (8.9%) have been a t  r i s k  before  1963. f here fore- t h e  l a r g e  
m a j o r i t y  of t h e  cohort  w i l l  have a  l a t ency  per iod of l e s s  than  20 yea r s .  
Furthermore, on ly  389 person-years (2.0%) a r e  i n  t h e  age c a t e g o r i e s  of over  65 
years .  Two problems a r i s e :  

a )  The age s t r u c t u r e  of t h i s  r a t h e r  young popula t ion  makes i t  l e s s  l i k e l y  
t h a t  any excess  of c a s e s  should appear ,  s i n c e  e f f e c t s  u s u a l l y  a r e  seen 
l a t e r  i n  l i f e ;  

b) Given t h e  long l a t ency  per iod requi red  f o r  t h e  s tudy  outcome (dea th )  t o  
occur ,  t h e  chances of observing i t  a r e  diminished even i n  t h e  ca se  t h a t  
exposure d i d  cause harmful e f f e c t s  i .e . ,  t h i s  view i s  supplementary t o  
what has  a l r eady  been s a i d  above. 

A longer  per iod  of follow-up seems t o  be r equ i r ed  i n  o rde r  t o  examine t h e  
a s s o c i a t i o n s  under s tudy.  

Answer 4.2 
Durat ion of exposure 

Method A i s  c o r r e c t  wi th  v a r i a b l e s  l i k e  l a t ency ,  cumulative exposure,  
e t c .  Person-years must be ass igned  t o  t h e  ca tegory  of d u r a t i o n  of exposure 
a t t a i n e d  by t h e  sub jec t  during t h e  per iod of observat ion.  Thus, a l though t h e  
o v e r a l l  d u r a t i o n  of exposure of t h i s  sub j ec t  i s  13  yea r s ,  h i s  person-years 
c o n t r i b u t i o n  must not  be a t t r i b u t e d  t o  t h e  ca tegory  10-15 yea r s ,  but 
s t r a t i f i e d  a s  shown. Person-years a r e  accumulated over  t i m e ,  t h e r e f o r e  
person-years of t h e  f i r s t  f i v e  yea r s  of exposure must be assigned t o  t h e  
correspondent  category.  Person-years w i l l  be ass igned  t o  t h e  next  ca t ego ry  
only a f t e r  t h i s  per iod  has  e lapsed ,  etc. 



I n  add i t i on ,  note  t h a t  t h e  l eng th  of exposure i s  1 3  years ,  but h i s  
person-years c o n t r i b u t i o n  i s  20 person-years s i n c e  t h e  period a t  r i s k  f o r  a  
sub jec t  does not end wi th  the  end of the  exposure but cont inues u n t i l  the  
s tudy  c l o s e s  o r  t h e  sub jec t  d i e s  (whichever comes f i r s t ) .  A l l  person-years, 
a f t e r  c e s s a t i o n  of exposure, w i l l  be assigned t o  t he  last category of du ra t ion  
of exposure ( s o ,  t h e r e  were t e n  person-years i n  t h e  ca tegory  10-15 yea r s ) .  

With method B a  uniform dura t ion  of exposure would have been assigned t o  
t h e  sub jec t ,  which i s  l e s s  app ropr i a t e ,  because t h e  f u l l  degree of exposure 
has not y e t  been achieved i n  t he  beginning of t he  followdup of t h i s  i nd iv idua l .  

A l t e r n a t i v e  approaches e x i s t  however, i . e .  t h e  m a t e r i a l  might be divided 
i n t o  subcohorts  wi th  regard t o  t h e  f i n a l l y  obtained du ra t ion  of exposure. 

Age f i r s t  exposed 
Method B i s  c o r r e c t  here.  I n  f a c t ,  age a t  f i r s t  exposure does not change 

over time. The worker 's experience i s  r e l a t e d  t o  t h a t  p a r t i c u l a r  age a t  t h e  
beginning of exposure. Method A would be c o r r e c t  when cons ider ing  a t t a i n e d  
age. 

I n  summary, method A i s  s u i t a b l e  f o r  v a r i a b l e s  whose values change over 
time; method B f o r  v a r i a b l e s  cons tan t  over  t ime (e.g. sex,  r ace ,  e t c ) .  A good 
example of t h i s  i s s u e  can be found i n  Wagoner and coworkers (1976). 

PART 5 
Resul t  S 

Answer 5.1 

The t o t a l  number of dea ths  observed (112) i s  small  compared wi th  the  s i z e  
of t h e  cohort;  This  was a c t u a l l y  t o  be expected, g iven  t h e  age s t r u c t u r e  of 
t h e  s tudy populat ion ( s e e  above). For some causes t he  number of dea ths  i s  
very small :  t h i s  sugges ts  cau t ion  i n  i n t e r p r e t i n g  t h e  va lues  of s p e c i f i c  SMRs 
(e.g. leukemias).  

SMRs f o r  some causes of dea th  a r e  above 1.00, some below, some a r e  
s t a t i s t i c a l l y  s i g n i f i c a n t ,  some a r e  not .  

Overa l l  mor t a l i t y .  There i s  no s i g n i f i c a n t  d i f f e r e n c e  between observed and 
expected dea ths .  The SMR va lues ,  however, a r e  somewhat h igher  than  
usua l ly  obtained when comparing a  cohort  of workers with t h e  genera l  
populat ion.  This  r e s u l t  c a l l s  f o r  a  c a r e f u l  examination of t h e  i n d i v i d u a l  
causes of death.  

Cancer. SMRs a r e  i n  gene ra l  high but have d i f f e r e n t  values according t o  
t h e  s i t e s  involved and t h e  comparison popula t ion  considered.  The SMR f o r  
a l l  cancer  i s  s t a t i s t i c a l l y  s i g n i f i c a n t l y  r a i s e d  only i n  comparison wi th  
t h e  n a t i o n a l  m o r t a l i t y .  Cancers of t h e  a l imentary  t r a c t  were increased  
(a l though not s i g n i f i c a n t l y )  but only compared wi th  n a t i o n a l  m o r t a l i t y .  
Lung cancer  seems t o  be c o n s i s t e n t l y  e l eva t ed  wi th  both comparison 



popula t ions ;  t h e  e l eva t ed  SMRs a r e  s t a t i s t i c a l l y  s i g n i f i c a n t .  The 
c o n s i s t e n t l y  r a i s ed  SMR va lues  f o r  hematological  neoplasms a r e ,  i n s t e a d ,  
not s i g n i f i c a n t .  Cancer m o r t a l i t y ,  t h e r e f o r e ,  seems t o  warrant  f u r t h e r  
a n a l y s i s .  

Cardiovascular  d i s ea se .  Observed dea ths  a r e  c l e a r l y  below expec t a t i ons .  
This  i n d i c a t e s  t h a t ,  a s  f a r  a s  t h e s e  causes  a r e  concerned, t h e  s tudy  
popula t ion  underwent some s e l e c t i o n  phenomenon i n  comparison wi th  t h e  
gene ra l  popula t ion ,  an example of " the  hea l thy  worker e f f e c t . "  

Respi ra tory  d i s ea se .  No s i m i l a r  s e l e c t i o n  f a c t o r s  seemed t o  have ac t ed  
wi th  regard t o  t he se  causes  of dea th ,  c o n t r a r y  t o  what i s  u s u a l l y  found i n  
s i m i l a r  s t u d i e s .  One p o s s i b l e  explana t ion  i s  t h a t  t h e  working environment 
i t s e l f  represen ted  a  r i s k  f a c t o r  f o r  r e s p i r a t o r y  d i s ea se s .  

Alimentary t r a c t  d i s ea se .  The observed dea ths  a r e  w e l l  below expec t a t i ons  
con t r a ry  t o  what was observed f o r  mal ignancies  of t h i s  same s i t e .  

Accidents.  There i s  a  s l i g h t  but not  s i g n i f i c a n t  excess  of dea ths  i n  
comparison wi th  both r e f e r e n t  popula t ions ,  which was no t  accounted f o r  by 
work acc iden t s .  

Answer 5.2 
The poin t  of i n t e r e s t  i s  not  t h e  number of t h e  comparison popula t ions  but 

t h e i r  s u i t a b i l i t y .  A s u i t a b l e  comparison popula t ion  would be one wi th  t h e  
same m o r t a l i t y  experience a s  t h e  popula t ion  under s tudy  i n  absence of t h e  
exposures examined. I n  o t h e r  words, another  working popula t ion  wi th  a  
comparable d i s t r i b u t i o n  of gene ra l  r i s k  f a c t o r s  f o r  m o r t a l i t y  (age ,  sex ,  
socioeconomic c l a s s ,  l i f e s t y l e - f a c t o r s  such a s  smoking, o t h e r  s e l e c t i o n  
f a c t o r s  f o r  s u r v i v a l ) .  Moreover, a l s o  t h e  type and q u a l i t y  of t he  in format ion  
must be comparable i n  t h e  popula t ion  con t r a s t ed  ( v a l i d i t y  of in format ion) .  
Unfor tuna te ly ,  i n  occupat ional  m o r t a l i t y  s t u d i e s ,  such a  comparison popula t ion  
i s  very seldom a v a i l a b l e .  Hence, i n  gene ra l ,  a  geographica l ly  def ined  
popula t ion  - f o r  which m o r t a l i t y  s t a t i s t i c s  a r e  r o u t i n e l y  c o l l e c t e d  i n  t h e  
ma jo r i t y  of t h e  c o u n t r i e s  - i s  s e l e c t e d  f o r  comparison. However, an 
occupat iona l  cohor t  i s  composed by people who underwent many s e l e c t i o n  
processes  (bo th  n a t u r a l  and a r t i f i c i a l  l i k e  pre-employment f i t n e s s  
examination) and t h e r e f o r e  a r e  s e l e c t e d  a s  regards  h e a l t h  s t a t u s ,  and, hence, 
r i s k  of death.  This  i n t roduces  a  b i a s  i n  t h e  comparison, o f t e n  r e f e r r e d  t o  a s  
"hea l thy  worker e f f e c t "  (Fox & C o l l i e r ,  1976; McMichael, 1976). (Note i n  
Table XXXVI, c a rd iovascu la r  d i s e a s e  and a l imentary  t r a c t  d i s e a s e ) .  

The use of a  l o c a l  popula t ion  in s t ead  of t h e  n a t i o n a l  one i s  ind i ca t ed  i n  
coun t r i e s  where t h e r e  a r e  r eg iona l  d i f f e r e n c e s  i n  t h e  r i s k  of m o r t a l i t y  f o r  
t h e  causes  of i n t e r e s t  ( a s  was t h e  case  i n  t h i s  s tudy) .  I n  t h i s  way one t r i e s  
t o  c o n t r o l ,  a t  l e a s t  i m p l i c i t l y ,  f o r  a  number of s o c i o c u l t u r a l  r i s k  f a c t o r s .  
For a f u r t h e r  and thorough d i scus s ion  of t h i s  i s s u e ,  s e e  "Expected numbers i n  
cohort  s t u d i e s "  publ ished by t h e  MRC Environmental Epidemiology Unit  i n  
England (1984). 

A s  f a r  a s  t h e  v a l i d i t y  of information is concerned, the  source from which 
causes  of dea th  were a sce r t a ined  was e x a c t l y  t h e  same f o r  t h e  workers and t h e  
gene ra l  populat ion.  



It can be seen from t h e  Table  XXXVI, t h a t  cancer  m o r t a l i t y  was r a t h e r  h igh  
i n  t h e  reg ion  where t h e  f a c t o r y  was l oca t ed  and consequent ly  t h e  number of 
expected dea ths  were l a r g e r  when using l o c a l  r a t e s  r a t h e r  than  n a t i o n a l  
m o r t a l i t y  r a t e s .  

Answer 5.3 
Poss ib l e  sugges t ions  a r e  t he  fol lowing:  

- f u r t h e r  in-depth a n a l y s i s  of cancer  dea th  ( e s p e c i a l l y  lung cance r ) ;  
- t ake  i n t o  account o t h e r  v a r i a b l e s  r e l evan t  f o r  t h e  examination of t he  

a s s o c i a t i o n  under s tudy  (e.g. smoking, l a t ency ,  age,  per iod ,  e t c . ) ;  and 
- c l a s s i f y  workers according t o  t h e  s p e c i f i c  type of exposure. 

Answer 5.4 
Age of h i r i n g .  When cons ider ing  c e r t a i n  types  of d i s e a s e ,  p a r t i c u l a r l y  
cancer ,  t h e r e  i s  a d i f f e r e n t  s u s c e p t i b i l i t y  t o  p o s s i b l e  r i s k  f a c t o r s  a t  
d i f f e r e n t  age. I n  add i t i on ,  a  l a t e  age of h i r i n g  imp l i e s  previous unknown 
exposure. 

Years of employment. Exposure t o  t h e  same agent  i n  d i f f e r e n t  ca lendar  pe r iods  
may produce q u i t e  d i f f e r e n t  r i s k s  depending, f o r  i n s t a n c e ,  on t h e  hygien ic  
cond i t i ons  of t he  p l a n t ,  t h e  type of product ion process ,  t h e  concomitant 
exposures,  t h e  t echno log ica l  changes and s o  on. 

Latency. A s  a  gene ra l  model, f o r  occupat iona l  cancer  t h e  time-span between 
t h e  beginning of exposure and t h e  occurrence of t h e  d i s e a s e  (dea th )  i s  r a t h e r  
long ( o f t e n  decades) .  There a r e  only few except ions  (e.g. some leukemias).  
What i s  c a l l e d  l a t ency  r ep re sen t s  a  rough e s t i m a t e  of t h e  " induc t ion  per iod" 
of t h e  d i s e a s e s  and of t h e  " l a t e n t  period" of t h e i r  s i g n s  and symptoms t o  
appear.  

Durat ion of exposure. When no accu ra t e  i nd iv idua l  q u a n t i t a t i v e  measurements 
a r e  a v a i l a b l e  - a s  usua l  i n  t h i s  kind of i n v e s t i g a t i o n s  - one can t r y  t o  
approximate a  dose/response r e l a t i o n s h i p  us ing  the  du ra t i on  of exposure a s  
"dose" i n d i c a t o r  under t h e  assumption t h a t  t h e  longer  t h e  d u r a t i o n  of 
exposure,  t he  h igher  t h e  r i s k .  

Answer 5.5 
Table  X X X V I I .  No d e f i n i t e  t r e n d s  o r  p a r t i c u l a r  p a t t e r n s  a r e  app rec i ab l e  f o r  
a l l  causes  and a l l  mal ignancies .  There i s  some sugges t ion  of a negat ive  t r end  
f o r  d i g e s t i v e  cancer;  t h e  over fou r fo ld  excess  of t he  l e s s  than 25 ca tegory  i s  
based on one dea th  only.  Ove ra l l ,  f o r  t h e  above causes ,  t h e  o l d e r  t h e  age of 
h i r i n g ,  t h e  lower t h e  r i s k :  t h i s  can imply some p a r t i c u l a r  kind of s e l e c t i o n  
f o r  t h e s e  workers o r  t h e  simple f a c t  t h a t  t h e  background r i s k  i n c r e a s e s  wi th  
age. Hence, t h e  r a t e  d i f f e r e n c e  would perhaps be a  b e t t e r  measure than t h e  
r i s k  r a t i o .  Lung cancer  dea ths  a r e  more t han  twice a s  high a s  expected i n  t h e  
35-44-year category.  The excess  of t he  25-year ca tegory  i s  based on too  small  
numbers t o  be meaningful.  

Table  X X X V I I I .  No d e f i n i t e  t r ends  o r  p a t t e r n s  obtained.  Lung cancer  dea ths  
a r e  h igher  than  expected i n  each category.  No s t a t i s t i c a l l y  s i g n i f i c a n t  
observed/expected r a t i o s  were ob ta ined .  



Table XXXIX. Given t h e  l eng th  of t h e  s tudy per iod  (22  y e a r s ) ,  very few people 
had more than  1 5  years  of exposure, hence very few dea ths  have been observed 
i n  t h i s  category.  Two po in t s  seem t o  be of s p e c i a l  i n t e r e s t .  One i s  t h e  
s i g n i f i c a n t  mortality d e f i c i t  f o r  t h e  workers wi th  t h e  longes t  exposure. These 
could simply be another  r e f l e c t i o n  of t he  s e l e c t i o n  phenomenon previous ly  
discussed.  Workers not only undergo s e l e c t i o n  when en te r ing  t h e  indus t ry  but  
a l s o  during t h e i r  working experience:  those  who develop some h e a l t h  
impairment leave t h e  i n d u s t r y  o r  t h e  job; they  remain i n  t h e  s tudy,  but  t h e i r  
du ra t ion  of exposure remains r a t h e r  low. The second poin t  d e a l s  wi th  lung 
cancer.  The SMRs a r e  s i g n i f i c a n t l y  increased  i n  t h e  c a t e g o r i e s  wi th  t h e  
s h o r t e s t  exposure. Remember, however, t h a t  few people had a longer  
experience. On t h e  o t h e r  hand, similar f ind ings  - i f  confirmed a f t e r  a longer  
fo l low up - a r e  oppos i te  t o  t he  assumption made above ( d u r a t i o n / r i s k  
r e l a t i o n s h i p ) .  

Overa l l ,  t he se  f ind ings  po in t  ou t ,  aga in ,  a n  excess  r i s k  of lung cancer  
wi thout ,  however, g iv ing  d e f i n i t e  c l u e s  t o  a sound i n t e r p r e t a t i o n  of t h e  
a s s o c i a t i o n  between work experience and lung cancer  dea ths .  There i s  a 
s t rong ,  f u r t h e r  i n d i c a t i o n  f o r  cont inuing t h e  s tudy  i n  time. One p o s s i b i l i t y  
l e f t ,  cons ider ing  t h e  a v a i l a b l e  d a t a ,  i s  an a n a l y s i s  by s p e c i f i c  type of 
exposure. 

Answer 5.6 
A l l  SMRs a r e  increased ,  but none of them i s  s t a t i s t i c a l l y  s i g n i f i c a n t .  

Hematological neoplasms a r e  few, but c l e a r l y  i n  excess.  There i s  some 
suggest ion of a m o r t a l i t y  experience ( o v e r a l l  and f o r  s p e c i f i c  causes)  h igher  
among formaldehyde-exposed workers a s  compared t o  t h e  l o c a l  populat ion.  I n  
p a r t i c u l a r ,  t he  SMR f o r  lung cancer  i s  not s t a t i s t i c a l l y  s i g n i f i c a n t .  There 
a r e  no c lear -cu t  p a t t e r n s  o r  t r ends  of m o r t a l i t y  by du ra t ion  of exposure. The 
number of dea ths  i s  r a t h e r  small  i n  s e v e r a l  s t r a t a .  The g r e a t e s t  r i s k  
a f f e c t e d ,  seemingly, workers wi th  f i v e  t o  n ine  years  exposure: t h e  SMR f o r  
a l l  cancers  is  s i g n i f i c a n t l y  increased  i n  t h i s  category.  Analysis  by l a t e n c y  
y ie lded  h igher  SMR values  f o r  workers i n  t h e  less than  t e n  years  ca t egor i e s .  
Note here  a l s o  t h e  small  number of dea ths  i n  s e v e r a l  s t r a t a .  For d i g e s t i v e  
cancer ,  a s t a t i s t i c a l l y  s i g n i f i c a n t l y  increased  SMR was obtained i n  t h e  5-9- 
year  category.  No sound a s s o c i a t i o n  i s  apparent from t h i s  ana lys i s .  

Answer 5.7 
M i s c l a s s i f i c a t i o n  of exposure due t o  l ack  of d e t a i l e d  work h i s t o r i e s  f o r  

a l l  workers (18% miss ing) .  

Answer 5.8 
An i n t e r n a l  comparison between workers exposed and not  exposed t o  

formaldehyde may be of some help.  

Answer 5.9 
A l l  cancer.  I f  we a s s ign  a l l  "unknown" t o  "formaldehyde exposed" t h e  SMR 
changes very l i t t l e  and i n c r e a s e s  a l i t t l e  more above 100. Under t h e  oppos i t e  
assumption t h e  SMR among "other"  c l e a r l y  i nc reases  but remain below 100. This  
means t h a t  even i f  i t  i s  assumed t h a t  a l l  workers wi th  unknown exposure (whose 
cancer  m o r t a l i t y  was s i g n i f i c a n t l y  r a i s e d )  were not exposed t o  formaldehyde, 
s t i l l  t h e  excess  observed i n  t h e  whole cohort  seems t o  be confined t o  



formaldehyde exposed. S imi l a r  cons ide ra t ions  apply t o  al imentary t r a c t  cancer  
and hematological neoplasms. A s i m i l a r  p a t t e r n  could have been a n t i c i p a t e d  
given t h e  l a r g e  d i f f e r e n c e  of t h e  SMRs va lues  f o r  "formaldehyde exposed" and 
"other".  

For lung cancer ,  t h e  background SMR values  f o r  "formaldehyde exposed" and 
"other"  a r e  s i m i l a r .  Therefore,  t h e  excess  m o r t a l i t y  f a l l s  i n  e i t h e r  ca tegory  
depending on t o  which one workers wi th  unknown exposure a r e  assigned.  It 
fo l lows  t h a t  without  knowing t h e  d e t a i l e d  work h i s t o r i e s  of each workers t h e r e  
a r e  no grounds f o r  a t t r i b u t i n g  t o  formaldehyde a  s p e c i f i c  r o l e  i n  determining 
t h e  observed excess  of lung cancer.  

The assumptions made a r e  t he  most extreme. Another way t o  handle t h i s  
problem i s  t o  a s s i g n  "unknown" (person-years and dea ths )  t o  each ca tegory  of 
known exposure according t o  some c r i t e r i a  of p r o p o r t i o n a l i t y ,  weighting, e t c .  

PART 6 

Discussion and f ind ings  i n t e r p r e t a t i o n  

Answer 6.1 

It might be worth r e c a l l i n g  b r i e f l y  what is  meant by "chance" i n  t h i s  
domain. 

When s e v e r a l  samples a r e  drawn from t h e  same populat ion,  d i f f e r e n t  r e s u l t s  
a r e  u sua l ly  obtained.  A s  a  consequence, d i f f e r e n c e s ,  say,  between exposed and 
nonexposed may i n d i c a t e ,  e i t h e r  t h a t  t he  two groups belong t o  d i f f e r e n t  
populat ions,  or .  t h a t  they d i f f e r  only by chance, being usua l ly  d i f f e r e n t  
samples taken from t h e  same populat ion.  To r u l e  out chance a s  an  explana t ion ,  
u sua l ly  a n u l l  hypothesis  (Ho: t h e  groups a r e  drawn from t h e  same 
populat ion,  o r  SMR = 100) i s  t e s t e d  and the  r e s u l t s  a r e  expressed by the  "p 
value",  i . e .  t h e  p r o b a b i l i t y  of ob ta in ing  a  r e s u l t  l i k e  t h e  one of t h e  s tudy  
o r  a  more extreme one, given t h a t  H, i s  t r u e .  I f  t h i s  p r o b a b i l i t y  i s  l e s s  
than  a  pref ixed  va lue  ( say  0.05) a n  a l t e r n a t i v e  hypothesis  should be 
considered (HA: t h e  groups a r e  drawn from d i f f e r e n t  populat ions o r  t h e  SMR 
d i f f e r s  from 100).  

It should, however, be s t r e s s e d  t h a t  s t a t i s t i c a l  s i g n i f i c a n c e  does not i n  
i t s e l f  provide any proof of c a u s a l i t y .  Moreover, when t h e  f ind ings  of a  s tudy 
a r e  s t a t i s t i c a l l y  s i g n i f i c a n t  i t  does not neces sa r i l y  fo l low t h a t  they a r e  
r e l evan t  o r  even meaningful. S t a t i s t i c a l  s i g n i f i c a n c e  i s  a l s o  cons iderably  
a f f e c t e d  by sample s i z e .  A l a r g e  sample i s  very s e n s i t i v e  t o  small  dev ia t ions  
from t h e  n u l l  hypothesis ,  whereas a  small  sample i s  s e n s i t i v e  only t o  l a r g e r  
dev ia t ions .  A s  t h e  sample s i z e  i s  increased ,  b i o l o g i c a l l y  unimportant 
d i f f e r e n c e s  might t u r n  out t o  be s t a t i s t i c a l l y  s i g n i f i c a n t .  Therefore,  
e s p e c i a l l y  i n  s t u d i e s  which involve  l a r g e  groups of people,  t he  magnitude of 
t h e  e f f e c t  i s  much more important than  i t s  s t a t i s t i c a l  s ign i f i cance .  



Note: It i s  adv i sab le  t o  c a l c u l a t e  lower and upper confidence l i m i t s  of t h e  
r i s k  e s t ima te  (SMR) and not only t h e  "p-value". Confidence i n t e r v a l s ,  
i n  f a c t ,  convey informat ion  on both magnitude and p rec i s ion  of t h e  
e f f e c t  es t imate .  The l a r g e r  t h e  i n t e r v a l ,  t he  l e s s  p r e c i s e  i s  t h e  
es t imate .  When 1.00 i s  not included i n  t h e  i n t e r v a l  t h e  r e s u l t  i s  
s t a t i s t i c a l l y  s i g n i f i c a n t  a t  t he  chosen l e v e l .  

I n  t h e  whole cohor t ,  excess  m o r t a l i t y  f o r  lung cancer  c l e a r l y  cannot be 
explained by chance alone.  However, o t h e r  increased  SMRs (e.g. hematological 
neoplasms) cannot be dismissed on t h e  s o l e  ground of t h e i r  being s t a t i s t i c a l l y  
not s i g n i f i c a n t :  they  warrant f u r t h e r  a n a l y s i s .  The same cons ide ra t ion  
a p p l i e s  t o  r e s u l t s  w i th in  subcohorts:  t hus ,  f o r  i n s t ance ,  i n  a  p a r t i c u l a r  
l a t ency  category (5-9 yea r s )  t h e  excess  of a l imentary  t r a c t  cancer  becomes 
s i g n i f i c a n t  . 

On t h e  o the r  hand, t he  s t a t i s t i c a l l y  s i g n i f i c a n t  SMRs do not prove t h a t  
t h e  a s s o c i a t i o n  i s  causa l .  Other f a c t o r s  must be taken i n t o  account.  

Answer 6.2 
Here again i t  might be necessary t o  expand on what i s  meant by 

confounding, e t c .  (Kleinbaum, e t  a l .  1982). A s  regards  t h e  example, t h e  
fol lowing a r e  t he  po in t s  of main i n t e r e s t :  

Confounding: i s  t h e r e  any r i s k  f a c t o r  a l t e r n a t i v e  t o  t h e  exposure examined 
capable  of expla in ing  t h e  excess  m o r t a l i t y  noted? A t  l e a s t  two candida tes  
e x i s t :  tobacco smoking and o t h e r  exposures. Information on smoking was 
not  a v a i l a b l e  i n  t h e  s tudy and thus  t h e r e  is  the  p o s s i b i l i t y  of a  
sys temat ic  d i f f e r e n c e  i n  smoking h a b i t s  i n  t h e  popula t ions  compared. 
Smoking was p a r t i c u l a r l y  important s i n c e  r e s p i r a t o r y  organs were the  s i t e s  
most probably a t  r i s k .  The only  at tempt  made t o  control. t h i s  p o s s i b l e  
b i a s  was t o  use f o r  comparison a  l o c a l  populat ion,  whose smoking h a b i t s  
may be assumed l e s s  d i f f e r e n t  than  those  of t h e  n a t i o n a l  popula t ion  from 
t h e  smoking h a b i t s  of the  s tudy cohort.  And i n  f a c t  t he  SMR f o r  lung 
cancer  decreased with t h e  use  of t h e  l o c a l  populat ion but t he  va lue  
remained s i g n i f i c a n t l y  e leva ted .  The l a c k  of t h i s  kind of information 
c e r t a i n l y  l i m i t s  an exhaus t ive  i n t e r p r e t a t i o n  of t h e  f ind ings .  Reca l l ,  
however, t h a t  an SMR of more than  2.00 t o  2.50 i s  un l ike ly  t o  be t o t a l l y  
explained by smoking h a b i t  d i f f e r e n c e s  (Axelson, 1978). 

As regards o the r  exposures,  t h i s  poss ib l e  confounding f a c t o r  has  been 
con t ro l l ed  by c a r e f u l l y  cons ider ing  a l l  t h e  exposures e x i s t i n g  i n  t h e  p l a n t  
over time. 

The mentioned exposure t o  epichlorohydrin ( b r i e f  i n  t ime, wi th  l imi t ed  
product ion)  o r  s ty rene  d id  not  appear a s  a  p o s s i b l e  confounder. The types  of 
solve~ts used a r e  not known t o  be assoc ia ted  wi th  hematological neoplasms. No 
con t ro l  was, indeed,  poss ib l e  f o r  previous occupat iona l  exposure and f o r  
non-occupational exposures ( l e i s u r e  a c t i v i t y ,  e t c ) .  I n  the  subcohort a n a l y s i s  
by type of exposure, confounding due t o  smoking was t h e  l e a s t  l i k e l y  g iven  t h e  
uni for~n  socioeconomic and educa t iona l  l e v e l  of t he  groups examined. 



Se lec t ion :  a l l  workers,  a c t i v e  o r  r e t i r e d ,  were inc luded  i n  t h e  s tudy.  Thus, 
no s e l e c t i o n  phenomenon due t o  "missing workers" could be advocated. The 
follow-up, on t h e  o the r  hand, was almost complete. There was, i n s t e a d ,  a  
s e l e c t i o n  phenomenon i n  t h e  comparison of workers wi th  t h e  gene ra l  popula t ion  
( h e a l t h y  worker e f f e c t ) .  From what i s  known, t h i s  s e l e c t i o n  phenomenon b i a s e s  
t h e  r i s k  e s t i m a t e  i n  t h e  cohor t  towards t h e  n u l l .  This  i s ,  however, not 
n e c e s s a r i l y  t r u e  f o r  every cause.  I n  any ca se ,  t h e  magnitude of t h e  b i a s  is  
not known. 

Information:  -- t h e  major problem was t h e  missing d e t a i l e d  work h i s t o r y  f o r  18  % 
of t h e  workers. Another problem was t h e  way work h i s t o r i e s  were c o l l e c t e d ,  i. 
e. matnly by in t e rv i ews  and not by extr . rc t  Lng records.  I f  t he  type of 
m i s c l a s s i f i c a t i o n  (differential/non-differential) was known, t h e  d i r e c t i o n  of 
t h e  b i a s  could be d iscussed ,  which i n  t h e  case  of non -d i f f e r en t i a l  
lis[:I-t+ri E Lcat l ~ n  i s  a lgays  tc,.rsr-1s the (11112. 41 fnfor,n.*t i-on bi s s  csrlnot be 
c.llr-1 out a s  possihl-1. c ? ~ ~ ) : . i : ~ ~ t i o ~  of t he  f i nd ings  f o r  s p e c i f i c  type of 
exposure. The a n a l y s i s  p resen ted  i n  Table  XLIV d i d  not  c l a r i f y  t h i s  
m i s c l a s s i f i c a t i o n  problem a t  l e a s t  f o r  lung cancer .  

Answer 6 . 3  - -- -- 
For f u l l  d i s ~ ~ ~ s ~ i  or1 S;.:%?, :I lr>?S 3tl?ers,  ? ~ i $ ; ~ ? r ,  7 3 7 3  , * : ~ l  'Ii.11, 135%. 

St reng th  of t h e  a s s o c i a t i o n :  t h e  h igher  t h e  r e l a t i v e  r i s k  the  .;rLrotlgor t h e  
a s s o c i a t l o n .  Cken the  vsiclc~ o r  t'l? RR estimattl! ( e . ~ .  S Y R ) ,  and especial l -y  i t s  - 
lower confidence l i m i t ,  i s  w e l l  above 1.00 L t  i s  u n l i k e l y ,  as p r e ~ i o ~ l s l y  
d i scussed ,  t h a t  chance w i l l  be a  s u f f i c i e n t  explana t ion  and t h a t  a  confounding 
Eactor s t rong  enough t o  exp la ln  t h e  l a r g e  excess  r i s k  has  passed completely 
1 c l  'In t h i s  s tudy  the re   as ii ";L ro:Ig . i s soc la t  Lorl between having 
worked i n  t h e  f a c t o r y  and lung cancer  m o r t a l i t y .  When cons ider ing  t h e  
s p e c i f i c  type of exposure,  t he  s t r o n g e s t  a s s o c i a t i o n s  were among "unlcnown"; 
f o r  workers exposecl t o  formaldehyde t h e  5;Rs I t 1  not i n d i c a t e  a  very s t rong  
associaci-on,  wi th  t h e  pos s ib l e  except ion  of hematological  neoplasms: however, 
t h e  lower confidence l i m i t  f o r  t h e s e  cause of dea th  was below 1.00. 

Dose-response relationship: t h e  doses  a r e  unknown. I n  s i m i l a r  c a s e s  t h e  
----p- 

"dose" can be approxirnated by using "dura t ion  of exposure". A c l e a r  dose- 
response r e l a t i o n s h i p  between t \e  rlurati-on O F  e ~ p o s u r e  and the m r t a l i t y  d id  
no t  appear e i t h e r  i n  t h e  whole cohor t  o r  i n  t h e  formaldehyde exposed workers. 

S p e c i f i c i t y  of t h e  - a s s o c i a t i o n :  --- i f  the  a s s o c i a t i o n  i s  l imi t ed  t o  a  s p e c i f i c  
type  of exposure o r  t o  a  s p e c E i c  type of d i s e a s e ,  then  t h e r e  i s  a  s t rong  
argument i n  f avo r  of c a u s a l i t y .  (Consider ,  however, t h a t  a  s i n g l e  exposure 
may cause d i f f e r e n t  eFFects  an3 .a s t . l~ l :?  l i  .;case have nore t h a : ~  (,.l:?. "c,q:lqe"). 
A very s p e c i f i c  outcome could have been expected i n  t h i s  s tudy:  s inonasa l  
carcinoma, however none occurred. Lung cancer  i s  a r a t h e r  s p e c i f i c  e n t i t y ,  
but t h e r e  can be l :nportant hys to log  i c a l  df f f e rences .  Alimentary t r a c t  cancer  
i s  a  r a t h e r  broad ca tegory  of cancer ,  a s  a r e  hematological  neoplasms. 

On t h e  o the r  hand the  h ighes t  SMRs were r e l a t e d  t o  a  r a t h e r  broatl exposare 
type ,  i . e .  working i n  t h a t  Factory. _4nalysis  by s p e c l  F i  c eKposlires stlg&estrd 
t h a t  the  cancer  r i s k  was mainly confined t o  workers holding a  job encompassing 
exposure t o  formaldehyde. However, t h i s  was not demonstrated f o r  lung cancer  
(For  t112 reasons a1 ready ~1isc1lsse:l)  :1r1.1 t'le val.lies of M R s  11.4 n ~ ) t  i nd i ca t e  a  
s t rong  a s s o c i a t l o n .  



Consistency: Ex te rna l  - no previous ep idemiologica l  s t u d i e s  showed a n  
excess  of 1.1lng cancer  f 11 ' h u ~ n . ~ ~ ~  \e:.ngq ~;c:.ipati.onally exposed t o  formaldehyde. 
.W* .rlere t s  prel i ininary ev!rience from t h e  o t h e r  ep idemiologica l  s t u d i e s  of a  

p o s s i b l e  excess  of d i g e s t i v e  cancer  and hematological  neoplasms among workers 
wi th  a  s i m i l a r  exposure. 

I n t e r n a l  - t h e  excess  m o r t a l i t y  from d i f f e r e n t  cancers  does not see.n 
completely c o n s i s t e n t  throughout t h e  d i f f e r e n t  s t e p s  of t h e  a n a l y s i s :  
cons ide r ,  i n  p a r t i c u l a r ,  t h e  l ack  of a  t rend  according t o  l a t e n c y  per iod and 
t h e  s c ~ n t g  p c i t i : e r ~ ~  accor~lLng t o  age f l r s t  exposed and d u r a t i o n  of exposure. 

Other u s e f u l  c r i t e r i a  a r e :  temporal a spec t  of t h e  a s s o c i a t i o n ;  b i o l o g i c a l  
p l a u s i b i l i t y ;  i n t e r v e n t i o n  s tudy.  

- I n  t h i s  p a r t i c u l a r  s tudy  t h e r e  i s  no doubt t h a t  t he  e f f e c t  coines a f t e r  

t h e  exposure ( i n  c ros s - sec t iona l  s tudy t h i s  i s  no t  a lw,~ys  t h e  ca se ) .  As 
a l r eady  noted,  however, t he  l a t ency  assumption has  not  been f u l l y  
s a t i s f i e d .  

- Bio log ica l  p l a u s i b i l i t y  c a l l s  f o r  cons ide ra t i on  of the cu r r en t  

b io log ica l  and experimental  knowledge tn support  OF t h e  observed 
a s s o c i a t i o n .  The r e s p i r a t o r y  t r a c t  can c e r t a i n l y  be considered 
"b io log ica l ly"  a t  r i s k .  Less  a t  hand i s  t h e  explana t ion  of a  p o s s i b l e  
r i s k  f o r  d i g e s t  i.ve organs and lymphatic and he~nopoet ic  t i s s u e s .  

- Probably t h e  most convincing evidence f o r  a  causa l  relationship i s  

found i n  an  i n t e r v e n t i o n  s tudy  where a  change i n  t h e  exposure r e s u l t s  i n  a  
change 1 :I frhc risk. r?o such e v a l u a t i o n  was a v a i l a b l e  f o r  t h i s  p l a n t .  

Answer 6 . 5  

A "negat ive" s tudy  i s  not  one y i e l d i n g  no c l e a r l y  p o s i t i v e  r e s u l t s  but one 
y i e l d i n g  c l e a r l y  nega t ive  r e s u l t s .  The d i f f e r e n c e  must be apprec ia ted  
(Hernberg , 1981). 

The d i scus s ion  silould be r e c a l l e d  abo.ll: s t a t  i s t  l c a l  s i g n i f i c a n c e  and t h e  
cancer  r e s u l t s  f o r  formaldehyde exposed workers considered.  None of t h e  SMRs 
was s t a t i s t i c a l l y  s i g n i f i c a n t  (Table  XL).  Can i t  then i n f e r  t h a t  t h e r e  is  no 
excess  of cancer  r i s k ?  Oons:tier the t a b l e  below. 

Obs. Exp . Power Minimum 
(1- be t a )  s i g n i f i c a n t  

RR d e t e c t a b l e  

AIiinentary t r a c t  cancer  8 5.2 .80 
Lung cancer  5 3.7 .SO 
Hematological neoplasms 3 l. l .80 



Civen t h e  s i z e  of t he  s tudy populat ion (person-yrs) and a n  alpha 0.05, t he  
s tudy had a  good power (0.80) of d e t e c t i n g  only SMRs of 2.46 o r  more f o r  
d i g e s t f v e  cancer ,  2.90 o r  more f o r  lung cancer ,  5.36 o r  more f o r  hematological  
neoplasms. This  means t h a t  t h e  a c t u a l  r i s k  noted among formaldehyde exposed 
workers ( s e e  SMRs value)  were too low t o  be succes s fu l ly  de tec ted  a s  
s t a t i s t i c a l l y  s i g n i f i c a n t  by t h i s  s tudy (g iven  a  power of 0.80 and a lpha  = 
0.05). 

It can than  be concluded t h a t  the  s tudy was " inconclusive" from t h e  
s t a t i s t i c a l  po in t  of view, which i s  very f a r  from saying t h a t  i t  was 
"negative".  A cont inua t ion  of t h e  follow-up wi th  an  inc rease  i n  number of 
person-years and dea ths  could make t h e  s tudy capable of d e t e c t i n g  a s  
s i g n i f i c a n t  r i s k s  a s  "low" a s  t h e  ones c u r r e n t l y  observed. 

I f  i n s t e a d ,  t h e  r e s u l t s  f o r  lung cancer  i n  t h e  whole cohort  versus  l o c a l  
populat ion (SMR = 186) a r e  considered,  c a l c u l a t i o n s  would show t h a t  t he  s tudy 
had a  power of nea r ly  0.80 t o  d e t e c t  i t .  This  provides evidence, t h a t  t h i s  
r e s u l t  i s  probably "pos i t ive" .  

Ca lcu la t ions  were based on formula repor ted  i n  Haines and Shannon (1983). 
Simpler formula f o r  approximative c a l c u l a t i o n s  a r e  given i n  Beaumont and 
Breslow ( 1981). 

- A t r u e  negat ive  s tudy must a l s o  be " s e n s i t i v e "  ( informat ive) .  Consider 
f i r s t  l a tency .  I n  gene ra l  s i m i l a r  s t u d i e s  become informat ive  a f t e r  20 
years  of la tency:  t h e  maximum la t ency  period allowed by the  s tudy was 2 2  
years .  Thus, most probably, t h e  most l i k e l y  t ime of occurrence of dea ths  
was not examined. Also exposure c a t e g o r i z a t i o n  was " in sens i t i ve" :  
accu ra t e  l e v e l s  of exposure were not  a v a i l a b l e  and few person-years 
experienced exposure longer  t han  15 years .  

I n  summary, t h e  s tudy could not demonstrate an  a s s o c i a t i o n  between 
formaldehyde exposure and cancer  r i s k .  However, t h i s  a s s o c i a t i o n  could not be 
ru l ed  out .  The major l i m i t a t i o n s  were s i z e  of t h e  cohor t  (number of workers 
and period of follow-up) and q u a n t i t a t i v e  information on s p e c i f i c  exposures.  
The lung cancer  r i s k  noted i n  t h i s  p l a n t  needs f u r t h e r  s tudy ( inc lud ing  
cons ide ra t ion  of smoking h a b i t s )  . The cancer  r i s k s  t o  formaldehyde workers 
can n e i t h e r  be dismissed nor  considered proved. A longer  follow-up would be 
most u s e f u l ,  along wi th  a  f u r t h e r  a t tempt  t o  document i nd iv idua l  work 
h i s t o r i e s .  The cons is tency  of t h e s e  r e s u l t s  wi th  pre l iminary  f ind ings  i n  
o t h e r  s t u d i e s  should a l s o  be s t r e s s e d .  

F i n a l l y ,  i t  might be worth summarizing the  l o g i c a l  pa th  followed i n  t h i s  
study. A t  a  f t r s t  g lance ,  t h e  cancer  m o r t a l i t y  of t h e  cohort  of r e s i n  
manufacturers wi th  a  p o t e n t i a l  f o r  exposure t o  formaldehyde appeared 
remarkably increased;  t h e  d a t a  were f u r t h e r  analysed i n  a  s tepwise 
progress ion ,  a l l  t he  r e l evan t  f a c t o r s  taken i n t o  account (admi t ted ly  wi th  t h e  
l imi t ed  informat ion  a v a i l a b l e )  and a l t e r n a t i v e  explana t ions  f o r  t h e  f ind ings  
considered.  The r e s u l t s  turned out  t o  be l e s s  e x c i t i n g  (only  f o r  t h e  
i n v e s t t g a t o r s ) ,  but t h e  p i ece  of in format ion  added t o  t h e  s c i e n t i f i c  knowledge 
regarding formaldehyde and cancer  was, i n  t h i s  way, more c red ib l e .  
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EXPOSURE-RESPONSE RELATIONSHIP BETWEEN STYREhTE EXPOSURE AND 
CENTRAL NERVOUS FUNCTIONS* 

In t roduc t ion  
In  t h e  e a r l y  1970s l i t t l e  was known about t h e  neurotoxic  e f f e c t s  of 

s ty rene  exposure. There were some r e p o r t s  on e lec t roencephalographic  (EEG) 
changes, one on reduced conduction v e l o c i t i e s  i n  pe r iphe ra l  nerves,  and a  few 
case  r e p o r t s  on in tox ica t ed  workers sugges t ing  c e n t r a l  nervous system (CNS) 
e f f e c t s .  Some s t u d i e s  a l s o  suggested t h a t  s ty rene  had a  short-term e f f e c t ,  
e .g . ,  prolongat ion of t h e  r e a c t i o n  t ime,  but i n  gene ra l  t h e  l i t e r a t u r e  was 
scanty  indeed and the  s c i e n t i f i c  b a s i s  f o r  t h e  USA threshold  l i m i t  va lue  (TLV) 
of 100 ppm - used i n  many o t h e r  coun t r i e s  a s  we l l  - was very weak. 

Because the  use of s ty rene  had increased  sharp ly  i n  the  re inforced  
po lyes t e r  p l a s t i c  product i n d u s t r y  i n  Finland,  t h e  Finnish I n s t i t u t e  of 
Occupational Heal th i n  1973 decided t o  i n i t i a t e  a  broad epidemiological  
survey, aiming a t :  

l )  developing a  b i o l o g i c a l  monitoring t e s t ;  
2)  studying t h e  neurotoxic  e f f e c t s  of longstanding s ty rene  exposure; and 
3)  providing exposure-response d a t a  t o  serve  a s  a  b a s i s  f o r  a  hygienic  

s tandard.  

The present  s tudy w i l l  focus on the  t h i r d  purpose, and only a  s h o r t  
summary of t h e  o t h e r  f i nd ings  w i l l  be given here.  

PART 1 

Se lec t ion  of exposure v a r i a b l e  
The f i r s t  s t e p  of the  s tudy was t o  s c r u t i n i z e  t h e  c o r r e l a t i o n  between the  

concent ra t ion  of Gandelic a c i d ,  a  me tabo l i t e  of s ty rene ,  i n  u r i n e ,  and the  
8-hour time-weighted average (TWA) concent ra t ion  of s ty rene  i n  workroom a i r .  
Styrene i n  ambient a i r  was measured dur ing  an  e n t i r e  normal workday (except  
f o r  Monday) and time-weighted t o  8 h. It was analysed by gas  chromatography 
(Engstrom, e t  a l .  1976). Urine was sampled a t  t h e  beginning of t h e  work day, 
4  h l a t e r ,  and a t  t he  end of the  workday and t h e r e a f t e r  4 ,8 and 15  h a f t e r  
te rmina t ion  of exposure. The sample taken a t  t h e  end of t h e  workshi f t  was 
used f o r  t h e  c o r r e l a t i o n  study. 

A highly  s i g n i f i c a n t  c o r r e l a t i o n  was found ( r  = 0.87, p  < 0.001). Fig.  8  
shows t h e  c o r r e l a t i o n .  It can be seen t h a t  t h e  USA TLV of 100 ppm, 
recommended i n  1973, corresponded t o  an  average p o s t s h i f t  mandelic a c i d  
concent ra t ion  of about 2200 mg/l u r i n e  (95% to l e rance  l i m i t s  approximately 
1000 - 4500 mg/l).  It can be added t h a t  t h e  gas  chromatographic method used 
f o r  t h e  de te rmina t ion  of mandelic ac id  i s  s p e c i f i c  i n  c o n t r a s t  t o  some o l d e r  
methods (Engstrom, e t  a l .  1976). Hence t h e r e  i s  no "background", i . e . ,  no 
mandelic a c i d  i s  found from t h e  u r i n e  of nonexposed sub jec t s .  Therefore a  
re ference  group was not needed i n  t h i s  exe rc i se .  

* By Sven Hernberg & Hannu Harkonen, 1984; rev ised11985.  
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Fig. 8. Correlation between the 8-h (TWA) of styrene exposure and urinary 
mandelic acid concentration, adjusted to a constant specific gravity of 1.018. 

Question 1 

How do you interpret these figures? Which value of urinary mandelic acid 
concentration would you select as a "safe" value from the point of view of not 
exceeding the TLV exposure? 

PART 2 

Oualitative aspects 

The next phase of the study was a cross-sectional medical examination of 
laminating workers. Altogether 98 male workers (median age 28 years, range 16 
to 54 years, median exposure time 5.1 years, range 0.5 to 14 years) working in 
24 factories were examined clinically, neurophysiologically and 
psychologically. The laminating industry in Finland comprises mainly small 
factories with a few employees only. Most of the exposed workers are male. 
These considerations led to exclusion of female workers from the study group. 

Practical difficulties in organizing a thorough clin~cal examination, 
requiring among other things urine sampling during five weeks, travel and one 
day's stay at the Institute of occupational Health, for a group of workers 
employed by small factories scattered all over the country, restricted the 
size of the group available for study. Hence, the sample size of 98 was not 
derived from any power calculations, but merely a result of practical 
aspects. This is a very common situation in epidemiology, where one otten has 
to utilize what is available rather than consider optimal sample sizes from a 
statistical point of view. 



The workers' symptoms, both gene ra l  and those thought t o  be t y p i c a l  of 
so lvent  exposure, were a sce r t a ined  by means of a  self-administered 
ques t ionnai re  comprising 33 ques t ions .  A c l i n i c a l  examination was g iven  each 
sub jec t ,  and t h e  neurophysiological  examinations comprised a n  EEG examination 
(two s u b j e c t s  had no EEG-recording) and nerve conduction v e l o c i t y  measurements 
f o r  those  40 s u b j e c t s  who repor ted  most sub jec t ive  symptoms ( t h e i r  exposure 
l e v e l s  were not known a t  t h i s  s t a g e ) .  F i n a l l y ,  a  comprehensive psychological  
t e s t  b a t t e r y ,  comprising t e s t s  f o r  a  wide v a r i e t y  of mental func t ions ,  was 
given a l l  sub jec t s .  The t e s t  b a t t e r y  was composed of i n t e l l i g e n c e  t e s t s ,  
which a r e  a l l  subtasks  from t h e  Wechster Adult I n t e l l i g e n c e  Sca le  (WAIS), 
memory t e s t s ,  inc luding  t h r e e  ve rba l  and one v i s u a l  t e s t ,  t e s t s  f o r  v i s u a l  
percept ion  and motor performance, which r equ i r e  coord ina t ion  and which measure 
speed, accuracy and q u a l i t y  of performance, and some p e r s o n a l i t y  t e s t s  
(Lindstrom, e t  a l .  1976).  

The r e s u l t s  were compared wi th  those of t h r e e  d i f f e r e n t  r e f e rence  groups, 
one f o r  t h e  symptom ques t ionnai re ,  one f o r  nerve conduction v e l o c i t i e s ,  and 
one f o r  t h e  psychological  t e s t i n g .  A l l  comparison groups were of a  s i m i l a r  
age and s o c i a l  c l a s s  s t r u c t u r e ,  and no r e f e r e n t  had been exposed t o  neurotoxic  
substances.  A l l  those wi th  a  known h i s t o r y  of head trauma, a l coho l  abuse, 
d i abe t e s ,  ep i l epsy  and o t h e r  neuro logica l  d i s e a s e s  were excluded both from t h e  
exposed and the  r e f e r e n t  groups. The EEGs were not  compared wi th  any ad hoc 
c o n t r o l  group, only with t h e  l a b o r a t o r y ' s  s tandard  normal ma te r i a l .  

Question 2 
What do you th ink  of t he  s o l u t i o n  of not having one s i n g l e  r e f e rence  group 

undergoing exac t ly  t h e  same examination? What do you t h i n k  of t h e  s tepwise 
approach used f o r  nerve conduction measurements? 

Question 3 
What i s  your opinion of not having any ad hoc r e fe rence  group a t  a l l  f o r  

t h e  EEG examinations? 

ques t ion  4 
Considering the  l e v e l  of knowledge i n  1973, would you have added any 

f u r t h e r  t e s t s  wi th  t h e  purpose of g e t t i n g  a  more complete p i c t u r e  of 
neurotoxic  e f f e c t s ?  What t e s t s  would you employ today? 

Based on t h e  r e s u l t s  from t h e  f i r s t  s t a g e  of t h e  s tudy,  i t  was decided t o  
use the u r ina ry  concent ra t ion  of mandelic ac id  a s  t he  s i n g l e  exposure 
parameter. Urine was sampled a t  t he  end of t h e  s h i f t ,  once a  week, a t  f i v e  
consecut ive weeks before the medical examination. The f i r s t  week, sampling 
was made on Monday, t h e  second on Tuesday, e t c . ,  and t h e  mean value of t h e  
f i v e  measurements was used a s  the  exposure parameter. The median of t he  
ind iv idua l  means was 808 mg/l, and t h e  range was 7-4715 mg/l. This median 
corresponds t o  a  TWA of 33 ppm s ty rene  i n  t h e  a i r  ( s e e  Fig.  8).  

Ques t ion  5 
What a r e  the  p r a c t i c a l  and medical a s p e c t s  of using a  b i o l o g i c a l  parameter 

r a t h e r  than an a i r  sample a s  t h e  exposure parameter? 



The r e s u l t s  of the  medical examination showed s i g n i f i c a n t l y  more symptoms 
among t h e  exposed s u b j e c t s ,  e s p e c i a l l y  more f a t i g u e ,  d i f f i c u l t i e s  i n  
concen t r a t i on ,  and i r r i t a t i o n  of t he  mucous membranes. There was nothing 
remarkable i n  t h e  phys ica l  examination. S l i g h t  d i f f e r e n c e s  were found i n  some 
psychologica l  tests measuring visuomotor accuracy,  psychomotor performance and 
lowered v i g i l a n c e .  I n  t h e  neurophys io logica l  examination t h e  prevalence of 
abnormal EEGs was 24% which i s  c l e a r l y  i n  excess  of t he  10% u s u a l l y  found i n  
unse lec ted  normal m a t e r i a l s .  The c r i t e r i a  f o r  abnormali ty  were those  used 
convent iona l ly ,  and t h e  EEGs were i n t e r p r e t e d  without  knowledge of t h e  
exposure i n t e n s i t y  and du ra t i on .  

The pathology recorded was l o c a l i z e d  slow a c t i v i t y  (14 c a s e s ) ,  d i f f u s e  
t h e t a  a c t i v i t y  ( 8  ca se s )  and b i l a t e r a l  sp ike  and wave d i scha rges  ( 2  ca se s ) .  
The nerve conduction measurements d i d  no t  r e v e a l  any slowing of conduction 
t i m e s .  According t o  t he se  r e s u l t s ,  t h e  c e n t r a l  nervous system (CNS) r a t h e r  
than t h e  p e r i p h e r a l  nervous system seemed t o  be t h e  c r i t i c a l  organ f o r  s t y r e n e  
e f f e c t s  ( a s  f a r  a s  t h e  nervous system i s  concerned) (Seppiilainen & Harkthen, 
1976). 

Question 6 

What important  b i a s  i s  inhe ren t  i n  a  s tudy  of t h i s  des ign?  How does i t  
a f f e c t  ( a )  q u a l i t a t i v e  (b )  q u a n t i t a t i v e  i n t e r p r e t a t i o n ?  

PART 3 

Quan t i t a t i ve  a s p e c t s  

I n  o r d e r  t o  be ab l e  t o  s tudy  exposure-response r e l a t i o n s h i p s ,  t h e  f i r s t  
dec i s ion  t o  be made was what ( a )  exposure parameters  and (b )  what e f f e c t  
parameters should be used. I t  was a l r e a d y  decided t h a t  t he  concen t r a t i on  of 
mandelic ac id  i n  t h e  u r i n e  was t h e  exposure parameter,  so now t h e  e f f e c t  
parameters remained t o  be s e l e c t e d .  

Question 7  

What p r i n c i p l e s  would you apply  f o r  s e l e c t i n g  e f f e c t  parameters f o r  
q u a n t i t a t i v e  purposes  ( i . e . ,  exposure-response r e l a t i o n s h i p s ) ?  

Appl ica t ion  of the  p r i n c i p l e s  d i scussed  i n  t h e  answer t o  ques t i on  7  l e d  t o  
t h e  s e l e c t i o n  of s u b j e c t i v e  symptoms, EEG f i n d i n g s  and t h r e e  psychologica l  
t e s t s  f o r  s c r u t i n y  of exposure-response r e l a t i o n s h i p s .  Of t he se ,  t h e  
frequency of s u b j e c t i v e  symptoms d id  not r e l a t e  t o  t h e  concen t r a t i on  of 
u r ina ry  mandelic a c i d ,  so  t h i s  e f f e c t  parameter was noninformative from a  
q u a n t i t a t i v e  viewpoint.  

ques t i on  8  

Why do you th ink  no r e l a t i o n  was found f o r  s u b j e c t i v e  symptoms? Would you 
look a t  each symptom s e p a r a t e l y ,  o r  would you do something e l s e ?  



The next issue was to decide in which way the exposure-response 
relationship should be explored for the promising-l~~king EEG findings and 
psychological tests. This involved two steps, i.e., (a) to find the most 
effective way of grouping the exposure parameter and (b) to classify the 
effect parameters. 

Ouestion 9 

What different ways are there to do this? How would you proceed in 
finding the best categories of mandelic acid concentration? 

Reduction of the data on the exposure response-relationship for abnormal 
EEG-findings, resulted in the subcategories of mean mandelic acid excretion 
shown in Table XLV and Fig. 9. 

Table XLV. Distribution of subjects into categories according to their 
EEG findings and urinary mandelic acid concentrations. The statistical test 
results are derived from fourfold tables with cut-off points at the lower 

limit of the mandelic acid concentration category. 

Mande l i c ac id EEG finding 
concentration Normal Abnormal Total %Abnormal  hi P 

Total 7 3 23 9 6 24 

OEEC normal 
I EEG abnormal 

I - 
I c700  700--l99 800-1999 L2000 

MEAN MANOELIC ACID CONCENTRATiON. 
l mg/ l 

Fig.9. Relative frequency of the normal and abnormal EEGs of the exposed 
subjects according to the urinary mandelic acid concentrations. 



Question 1 0  
What do you conclude from Table XLV and Fig.9? 

I n  o r d e r  t o  s tudy t h e  exposure-response r e l a t i o n s h i p  f o r  psychologica l  
impairment t hose  t e s t s  which showed t h e  g r e a t e s t  between-group d i f f e r e n c e s  
(no t  n e c e s s a r i l y  s t a t i s t i c a l l y  s i g n i f i c a n t )  were s e l e c t e d .  The t e s t s  were 
Symmetry Drawing, t h e  Bourdon-Wiersma accuracy t e s t  ( bo th  desc r ib ing  
visuomotor accuracy)  and t h e  Mira test (psychomotor performance). 

Each tes t ,  a s  wel l  a s  t h e  mandelic a c i d  concen t r a t i on ,  was dichotomized. 
For Symmetry Drawing and the  Mira t e s t ,  t h e  va lue  equa l  t o  the  mean + 1 
standard  d e v i a t i o n  (SD) i n  t h e  r e f e r ence  group was c h 0 s e n . a ~  t h e  cut-off 
p o i n t ,  because t h e  number of persons w i th  func t ions  c l a s s i f i e d  a s  poorer  t han  
t h e  mean + 2 SD was t oo  small .  For t h e  Bourdon-Wiersma t e s t  no d a t a  from t h e  
r e f e r ence  group were a v a i l a b l e ;  t h e r e f o r e  t h e  cut-off po in t  was chosen from 
t h e  exposed group i t s e l f  i n  a s i m i l a r  manner. Ca l cu l a t i ons  were t hen  
performed from fou r fo ld  contingency t a b l e s  w i th  cut-off p o i n t s  f o r  mandelic 
a c i d  concen t r a t i ons  of 800, 1200, 1600 and 2000 mg/l and Chi-square va lues  
were computed f o r  every cut-off po in t .  The cut-off p o i n t s  were der ived  i n  t he  
same way a s  t hose  f o r  t h e  EEG f ind ings .  Table  XLVI shows t h e  d e t a i l e d  d a t a .  

Table X L V I  D i s t r i b u t i o n  of s u b j e c t s  i n t o  c a t e g o r i e s  according t o  t h e i r  
psychologica l  t e s t  r e s u l t s  and u r i n a r y  mandelic a c i d  concen t r a t i ons .  

The s t a t i s t i c a l  t e s t  r e s u l t s  a r e  der ived  from fou r fo ld  t a b l e s  w i th  cut-off  
p o i n t s  a t  t h e  lower l i m i t  of t h e  mandelic a c i d  concen t r a t i on  ca tegory .  

Performance on psycho- 
l o g i c a l  t e s t  

Mandelic a c i d  B e t t e r  than  Poorer 
concent r a t  i on  o r  equa l  t o  t han  
(mg/l) cut-of f  cut-of f  To ta l   hi P 

va lue  va lue  
Symmetry Drawing -- 399 20 2 2 2 

400-- - 799 19 5 24 3.19 NS 
800-- 1199 1 5  3 1 8  4.35 0.05 

1200-- 1599 9 3 12 9.26 0.01 
1600-- 1999 3 2 5 12.98 0.001 
2000-- 5 12.84 0.001 - 1 0  - 1 5  - 

T o t a l  7 1 2 5 9 6 

Bourdon-Wiersma Vigi lance Tes t  -- 1199 58 8 6 6 
1200-- 1599 1 0  2 12  
1600-- 1999 5 - 5 
2000-- 9 - 6 - 15  - 

Tota l  8 2 16  98 

Mira Tes t  
-- 1199 54 12 6 6 

1200-- 1599 9 3 12  4.59 0.05 
1600-- 1999 3 2 5 6.39 0.05 
2000-- 7 8 1 5  5.59 0.05 - - 

T o t a l  2 5 25 98 



For the Symmetry Drawing test a statistically significant difference was 
found when the mean mandelic acid concentration exceeded 800 mg/l (chi2 
4 - 3 4 ,  p<0.05). The significance level of the Chi-square increased as the 
cut-off point for the exposure variable became higher. The Chi-square value 
reached its maximum at a cut-off point of 1600 mg/l  able XLVI). The level 
of the Symmetry Drawing test results, at different levels of mean mandelic 
acid concentration, is shown in Fig. 10. 

o! I m 1-399 000-t599 (-999 

MEAN MUQELIC &l0 CONCENTCIATION. 
mg/l 

Fig.lO.Median and interquartile range of reversals in the Symmetry Drawing 
test according to the urinary mandelic acid concentration. 

As can be seen, there was a distinct increase in visuomotor disturbance as 
the mean mandelic acid concentration exceeded 1600 mg/l. The other variable 
of visuomotor accuracy, errors and omitted reactions in the Bourdon-Wiersma 
test, showed a reduced level only when the mean mandelic acid concentration 
was above 2000 mg/l ( chi2 = 5.36, p c 0.05). 

The results are shown in Fig. 11. 

Fig. 11. Median and interquartile range of errors and omitted reactions in 
the Bourdon-Wiersma Vigilance Test according to the urinary mandelic acid 
concentration. 



In psychomotor performance (~ira test) a statistically significant 
chiZ 4.59, p C 0.05) decline occurred above the mean mandelic acid 
concentration of 1,200 mgjl (Table XLVI). Fig. 12 illustrates the relation 
between psychomotor performance and the exposure level. 

Fig. 12. Median and interquartile range of form level in the Mira test 
according to the urinary mandelic acid concentration. 

Question 11 

Would there have been alternative methods for showing an exposure-response 
relationship? If yes, why do you think the authors chose this method? Can 
you use psychological tests for within-groups comparisons, considering that 
age, primary level, education, etc., influence them? 

Question 12 

Considering that, out of a comprehensive test battery, these tests were 
the only ones showing impairment, what would you conclude about the severity 
of effects? 

PART 4 

Use of this study for standard setting 

As already stated in the beginning, one of the main objectives of this 
study was to provide data which could be used for the setting of hygienic 
standards. 

Which was the lowest exposure level in terms of (a) urinary mandelic acid 
concentration (b) air concentration of styrene for which no effects at all 
could be shown? 



a Question 14  

Would you s t a t e  t h a t  exposure below t h i s  l e v e l  i s  s a f e ?  

Question 15  

Provided you were a b l e  t o  d e f i n e  t he  nonef fec t  l e v e l  f o r  a l l  e f f e c t s  of 
s t y r ene  exposure,  could t h a t  au toma t i ca l l y  be t r a n s l a t e d  i n t o  a hygienic  
s tandard  (eg ,  t h e  TLV)? 





INSTRUCTOR'S NOTES 
STYRENE AND NEUROLOGICAL DYSFUNCTION 

The first purpose of this exercise is to illustrate the thinking involved 
in research on exposure-response relationships, i.e., quantitative research. 
The second purpose is to give the students some ideas of the difficulties 
involved in standard setting. Next follows a short recapitulation of what 
sort of aspects should come up when the class attempts to answer these 
questions. 

PART 1 

Answer 1 

At this stage the answer should address only why one should use the lower 
confidence interval for mandelic acid concentration (and the upper for styrene 
concentration in the air) and not the average when translating mandelic acid 
values into air concentrations of styrene, which are the only regulatory (or 
recommended in some countries) figures. Using the average mandelic acid 
concentration corresponding to the hygienic standard would mean that 50% of 
the workers would experience an exposure higher than the standard, be it the 
threshold limit value, maximal acceptable concentration, or some other 
standard. The lower confidence level means that 97.5% of the workers are 
exposed to less than the standard. The correct answer therefore is 
approximately 1000 mg/l of mandelic acid. Problems related to how to choose 
the variable, which best corresponds to average effects, are discussed under 
question 5, and the thinking involved in deriving a standard under questions 
13, 14 and 15. 

PART 2 -- -- 

Answer 2 

Here one should discuss (1) the difference between a qualitative and a 
quantitative study, and (2) practical aspects (feasibility, economy). 

While it is quite clear that one single, hot reference group would be 
superior to any other solution in a qualitative study, a quantitative study 
actually compares different exposure categories within the exposed group, and 
for this exercise no reference group at all would be needed in a strict 
sense. However, normal data from some source are needed for dividing results 
into normal and abnormal. In the quantitative stage of this study reference 
values were used in this way. 

As to practical aspects, it is hard to find unexposed groups willing to 
undergo a day-long examination, especially if psychological testing is 
involved, because this examination may be considered as interfering with 
personal integrity. It may be even harder to find employers who would allow 



the workers to be away from work one hundred or so days; hence one often has 
to compromise although validity inevitably suffers. Also, the reference group 
may increase the costs above the means of the investigator. So, one must 
consider thoroughly for what purpose the reference group,after all, is 
needed. What really is important in a quantitative study is to find a large 
enough exposed group and wide enough variations in exposure intensity and 
duration to permit enough subcategorizing. 

The stepwise approach for nerve conduction measurements was far from 
ideal, because it rendered intragroup comparisons (e.g., combinations of 
"positive" symptoms) much more restricted. One would clearly prefer to have 
all the workers examined in the same way. Had there been "positive" findings 
for the nerve conduction velocities, their interpretation had been very 
difficult with this approach, and no useful exposure-response data would have 
emerged. 

Answer 3 

Much has already been said about this in the answer to question 2. Here 
it would suffice to stress the importance of not using laboratory reference 
values as the only basis for comparison. In a qualitative study one should 
never accept X4. "pathological" values as proof of effect, without any 
comparison with a reference group. On the other hand, laboratory reference 
values may provide some sort of standard for dichotomizing within the exposed 
group. Then the intention is not to show qualitative effects, but to provide 
contrasts. 

Answer 4 

This is a trap. Host physicians would be eager to add an almost infinite 
number of (unnecessary) examinations. A thorough discussion of the advantages 
and disadvantages of loading the study with a great number of medical 
examinations is warranted. In 1973, styrene toxicity was not well known in 
the occupational setting, and this could have tempted the inclusion of more 
examinations for the purpose of having a fruitful "fishing expedition". 
However, this would have increased costs, endangered cooperation, and made the 
problem of finding reference groups even more difficult. Here one should also 
discuss the pro's and con's of restricting the study to the nervous system 
(pro's: study easier to handle, advance hypothesis existing, con's: 
possibility to overlook something important, possibility that some other 
effect would have been even more sensitive). One cannot solve all the 
problems in occupational medicine by one single study. 

Nowadays, one could be tempted to use a computerized transaxial 
tomographic (CAT)-scan and other sophisticated modern methods for studying the 
CNS. If so, because of the costs involved it would be prudent to select only 
the most exposed ones, or only those with other effects present, at the first 
stage, which then would be qualitative. This would need a reference group. 
Whether or not a quantitative study should meaningfully employ a CAT-scan 
would then depend on the findings of the qualitative study (note here both the 
danger of circular reasoning and negative bias due to selection). A stepwise 
advance would involve asking some subjects to attend examinations twice. 



Perhaps the most important point to stress is that the exposure side is at 
least equally important as the effect side in a quantitative study. Rather 
than overloading such a study with sophisticated clinical examinations one 
should put the greatest effort into securing valid and representative exposure 
data, and any possible extra funds should therefore be used for this purpose. 

Answer 5 

There is a strange persisting habit of relating the results of biological 
exposure tests first to air concentrations, then the air concentrations to 
effects, and finally, via this byway, biological tests to effects. This sort 
of nonsense probably has its roots in TLV-philosophy, i.e., biological tests 
are useful only if they correlate with air concentrations, because then and 
only then "protection" can be ensured. Nothing could be more erroneous. The 
only logical method would be to correlate biological tests directly with the 
effects, because the biological tests reflect the absorbed dose better than 
any air samples. In addition they are more practical to utilize than air 
measurements for this purpose. 

In this example only the average concentration of mandelic acid in urine 
during a five-week period was used as the exposure parameter. Why was not the 
exposure time considered? In fact, the authors tried to incorporate this 
variable into an exposure index (mandelic acid concentration times months of 
exposure), but this did not work. There are several reasons for this. One is 
selective drop out, as discussed elsewhere (e.g., in question 6). Another is 
that there are no reasons to assume that the five-week period studied is 
representative of exposure levels and working situations several years ago. 
Still another is that some of the effects indeed may be subacute and therefore 
current exposure may explain them better than cumulative exposure. 

Answer 6 

The most severe bias is selection out from exposure, which results in 
dilution of the effects. Styrene exposure causes both narcotic symptoms and 
irritation of the mucous membranes. Workers who cannot stand these symptoms 
are prone to seek other types of work. A Finnish study on car painters has 
shown that about 30% of those who had left the occupation reported health 
effects as the most important reason for quitting (Husman, 1980). However, it 
is not known to what extent subjective symptoms are predictive of EEG changes 
and psychological impairment, so the real effects of the health-based 
selection upon these parameters is impossible to tell. 

The same selection bias also decreases the correlation between exposure 
and effects, because those most affected may drop out especially at higher 
exposure levels. 



PART 3 
Answer 7 

Here one should address principles only. Procedural matters are addressed 
in question 9. In the first stage one would always prefer those examinations 
which showed qualitative differences. However, it may well be that the 
threshold for some effects is so high that only the most exposed subjects show 
abnormal values. Then nothing may be revealed when the whole groups are 
being compared. Therefore all tests used should be looked at by exposure 
categories (say, three or four equally-sized groups), with special attention 
given to the highest one. 

If differences exist, either between the entire groups or when comparing 
the highest category with the referent group or with lower categories, the 
next step would be to construct proper exposure-effect or exposure--response 
curves. 

In this context someone may ask what the difference is between an 
exposure-effect and an exposure-response curve. The Task Group of Metal 
Toxicity (1974) has defined "effect" as a "biological change caused by an 
exposure" (Nordberg, 1976). When data are available for both exposure and 
effect on a graded scale, an exposure-effect relationship can be established. 
The term "response" was defined as the proportion of a population that 
demonstrates a specific effect (in this case, e.g., abnormal EEGs). A short 
discussion on the difference between an exposure-effect versus an 
exposure-response relationship may be warranted here. The exposure-effect 
relationship exhibits an average effect in all individuals, provoking the 
false impression that the population is homogeneous. By contrast, an 
exposure-response relationship takes into account the variation in 
susceptibility within groups of individuals since it indicates the proportion 
of persons showing abnormal values. For preventive purposes it is extremely 
important to be able to define the most sensitive individuals in a population. 

In this example only responses are dealt with. Had nerve conduction 
velocities been of quantitative interest both effects (mean values) and 
responses (proportions with abnormal values) could have been scrutinized. 

Answer 8 
Subjective symptoms are nonspecific and vague. However, according to 

cumulative evidence, not available in the mid 1970s, some questions 
(sleepiness, concentration difficulties, forgetfulness) tend to be more 
typical of solvent effects than others. Because of the nonspecificity of the 
subjective symptoms, there is much "background noise", and therefore this 
material probably is too small for revealing any exposure-response pattern, if 
such a pattern indeed exists. 

Another explanation could be that subjective symptoms lead to selective 
drop-out, especially from the higher exposure categories. The most resistant 
individuals would be those most likely to remain exposed, and they would not 
complain of many symptoms. Furthermore, those used to work at regularly high 
exposure levels tend to regard many symptoms as normal, while those 
occasionally exposed to peaks would react in a stronger way. The former group 
would have high mandelic acid concentration, the latter relatively low. 



Alternatives to using single symptoms would be to group similar types of 
questions, or scoring the answers (e.g. one score per positive answer), but 
both these methods have shortcomings. It is not unequivocal to group 
questions, and when scoring, should the same weight be given all questions? 
What about questions from other areas than CNS functions? Scoring would also 
emphasize those who tend to answer "yes" to almost everything. 

Answer 9 

One could group the workers according to categories qf mandelic acid 
concentrations. Two or more groups could be tried. One way would be a 
subdivision from the median value, yielding two equally sized group, or 
forming three or more groups according to the same principle. A more 
efficient way would be to search for the cut off points yielding the best 
statistical power (this is further considered in subsequent answers). Another 
approach would be to construct a correlation diagram from numerical values. 
This would require numerical values or at least several classes for the effect 
parameter also. However, the parameters used in this study were 
dichotomized, and therefore correlation analysis could not be applied. 

The decision of how to dichotomize the effect variables into "normal" and 
"abnormal" is an arbitrary one. Often the mean value plus or minus two 
standard deviations (SD), derived from a reference population, is used. There 
is nothing saying that this is the only correct solution. In this study, for 
example, plus 1 SD was used for two tests because plus 2 SD would have 

0 resulted in so few abnormal subjects that calculations would not have been 
possible. For the third test no reference group was available; therefore the 
cut-off point had to be chosen from the exposed group in a similar way. This 
approach may be criticized; however, the point was not to diagnose 
abnormalities, but to create contrasts for internal comparisons. Quite 
another approach was used for the EEGs: here conventional clinical criteria 
were used (no-mean values are possible for EEG findings). It can be added 
that applying the same criteria yields about 10% "abnormal" results in an 
unselected general population (Harkonen, 1977). 

Table XLV is a condensed result of looking for the most efficient way of 
forming subcategories. This was done in the following way (it may be useful 
to prepare a transparency in advance): 

Search for a concentration level above whichabnormal EGGS begin to occur 
(four-fold tables with different mandelic acid categories) 

STEP 1. 
EEG Mandelic acid conc., mg/l Total 

abnormalities c 100 --- > 100 
no 7 6 6 73 
yes - 2 3 - 23 ~hi2= 1.17 

7 89 96 p=NS 



STEP 2 
< 200 > 200 

no 11 6 2 73 
yes 1 2 2 23 chi2=0.99 

12 8 4 96 p=NS 

STEP 3 
< 300 - > 300 

no 15 5 8 7 3 
yes 2 21 - 23 Chi2=0.97 

17 7 9 96 p=NS 

STEP 4 

< 400 ---- > 400 
no 21 5 2 7 3 
yes 2 2 1 23.- ~hi2=2.84 

2 3 7 3 96 p=NS 

STEP 5 

STEP 6 

< 600 > 600 
no 29 44 7 3 
yes 4 19 23 Chi2=2.94 

p-- 

3 3 6 3 96 p=NS 

STEP 7 -- 

c 700- > 700 
no 34 39 73 chi2=5.07 

yes 4 19 23 p< 0.05 
38 5 8 9 6 

STEP 8 



STEP 9 -.- 

no 4 4 2 9 7 3 
yes 10 13 23 ~hi2~1.38 

54 42 9 6 NS 

< 1000 - > 1000 
no 46 2 7 73 
yes 12 11 23 chi2=0.47 

5 8 38 96 p=NS 

According to this, it seems that 700 mg/l is a level, under which the 
proportion of EEG abnormalities remains low, and above which the prevalences 
stay on a rather stable level of about 30%. 

In Table XLV the categories of 0-399 and 400-799 were split differently to 
show the cut-off point. This table could also be constructed in the following 
way without loosing much information: 

EEG 
Handelic acid abnormalities 
mg/l -- N -- n -- % chi2 
0 - 699 
700 - 

3 8 4 11 5.07 
58 19 33 p<O. OS 

Total 9 6 23 24 

or perhaps: EEG 
abnormalities 

N - n -.- % - 
0 - 699 3 8 4 11 
700 - 1399 34 12 3 5 
1400 -- 2 4 29 7 -7 

96 23 2 4 

but the latter design would not, after all, add much information. It is 
evident from Table XLV that there is no trend, only a threshold. Therefore it 
is not meaningful to use a test for a trend. Regression analysis cannot be 
applied to this material, either, because the dependent variable is 
dichotomous. 

Answer 10 
The subcategory with a mean mandelic acid excretion of less than 700 mg/l 

has a rather normal frequency (about 10%) of pathological EEG findings, while 
all other groups have 20-40%. The same pattern is shown in Fig. 9, which also 
shows a leveling off after the initial rise. Hence one can say that 700 mg/l 
is the point estimate for the threshold, and that no further increase in 
pathology occurred after this threshold, in other words, there was no trend. 
This is not a typical exposure-response curve, but one must consider that 
exposure was measured during five weeks only. 



An index, based on intensity times duration was tried, but it did not 
change the results. Indeed, there is little justification for the assumption 
that present exposure levels would describe past levels satisfactorily. 
Hence, in spite of figures, the exposure was actually not very well 
described. This is a good example of a serious drawback in almost all 
hitherto published quantitative studies in occupational medicine. Improving 
the documentation of exposure would therefore be much more important than 
further sophistication of medical examinations in future studies. 

For the psychological tests, yes, there would have been alternative 
methods. These results were actually first analysed by means of a multiple 
regression analysis (Lindstrom, et al. 1976) which gave virtually the same 
results. However, the results are more comprehensible if shown in a simpler 
way. There is no rationale for expressing results in a complicated way, if 
the same message can be conveyed in a simpler way. Comprehensibility is 
especially important in studies like this one, whose results hopefully will be 
used by administrators for standard setting. 

However, a multiple regression analysis is not the only alternative. One 
could also use a test for trend in proportions. With hindsight, it was a 
mistake not to show this statistic, which actually was done. All the three 
psychological tests concerned showed a statistically significant trend 
(Symmetry)drawing: Z= 4.09, p< 0.001, Mira: Z= 2.89, p < 0.01, 
Bourdon--Wiersma: Z=3.24, p< 0.01) . 

As to whether or not an examination which is vulnerable to potential 
confounding, can be used for within-group comparisons, the answer is that one 
must first rule out confounding. This was done in the present example. Age 
did not correlate with the exposure level in this material, so it was no 
confounder (stress the conditions for confounding; i.e., association with both 
exposure and effect), and the primary intelligence level of many of the 
subjects had been checked, while they did their military service at the age of 
19 years. There was no correlation between primary level and exposure 
intensity. The educational level was rather homogeneous within the group. 

Answer 12 

Although this was the first epidemiological study showing that styrene 
exposure indeed can cause CNS-effects, it must be underlined that the findings 
were mild and restricted to a few psychological functions only (Harkhen, 
et al. 1978). On the other hand, one must realize that this was a 
cross-sectional study. Such studies are always hampered by selective 
turnover,which serves to mask existing effects. In spite of this, several 
different indications of CNS function impairment occurred in the same group of 
workers. Moreover, the exposure-response relationships found strengthen the 
probability of that the association found between exposure and effects really 
was causal. 



PART 4 

Answer 13 
The earliest changes (increased EEG pathology) occurred when the mandelic 

acid concentration rose above 700 mg/l, and the first psychological 
impairments were seen at 800 mg/l. These values correspond on an average to 
30 pprn of styrene in the air (Fig. 8), but if one takes the lower confidence 
limit, the corresponding value is about 12 ppm. Here it would be worthwhile 
to discuss different approaches and their implications in extrapolating to air 
concentrations (maximal safety versus best guess). Maximal safety would imply 
using the lower confidence level, which would result in health-based 
recommendation for an air standard of about 10 ppm. If EEG effects are 
considered serious, some safety margin would even be warranted. On the other 
hand, one single study cannot be relied on too strongly, because of all the 
uncertainties involved in epidemiological research (e.g., inexact exposure 
assessment, bias, nonspecific measures of effect, etc.), so one would be a 
little reluctant to press hard on dramatic changes in prevailing standards 
merely on the basis of these results. The "best guess" of 30 pprn could 
therefore also be defended as a health-based recommendation. Irrespectively 
of whichever approach one uses, the American Conference of Governmental 
Industrial Hygienists' (ACGIH) documentation (1976) on TLV of 100 ppm, 
recommended in the 1970s, is far to high to prevent CNS symptoms. It has now 
been lowered to 50 ppm, which still seems to be rather high. 

Answer 14 
Two groups of arguments should be discussed here. The first group 

consists of weaknesses in this specific study, such as hazy exposure data 
(especially regarding past exposure), effect of selection, nonspecificity of 
responses, etc. Also difficulties in extrapolating from biological to air 
levels should be discussed. The conclusion, of course, is that several 
uncertainties prevent any firm statements even with regard to the very effects 
this study was designed to investigate. 

As to complete safety, one must regard all types of effects. Since the 
mid-1970s there has accumulated suggestive evidence on the genotoxicity of 
styrene. If styrene indeed is carcinogenic, then studies on CNS effects are 
of very limited value for standard setting. 

Answer 15 
This question is included to illustrate the two--step procedure in standard 

setting. First, the health based noneffect level should be established in a 
scientific way. Unfortunately this exercise is often hampered by lack of 
sufficient data, especially exposure data. But in any case this is the first 
step only in standard setting. Scientists should never, on the basis of their 
own, single study, try to tell the world what the TLV should be. This 
reconitnendation can only be given after the second step, where administrative, 
technological, economical and policy questions should be considered by the 
communities decision-makers (labor unions, employers, government 
representatives, technological and scientific experts together).The 
administrative standard is the combined result of all these considerations. 
Hence the administrative standard is usually not a sharp border between total 



safety and the start of occurrence of effects. Often the administrative 
standard accepts some degree of effects, but sometimes there is even a margin 
of safety. It is often a compromise between health demands and technological 
and economical feasibility. American classes may ponder on to what extent the 
documentation (1976) on TLV prepared by the ACGIH complies with this two-step 
procedure, and all classes could finally try to list those substances for 
which there exists sufficient scientific knowledge for health-based 
recommendations. That list would be extremely short. 
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OCCUPATIONAL ASTHMA DUE TO PLATINUM SALTS* 

PART 1 
I n  January 1981, t he  National  I n s t i t u t e  f o r  Occupational Sa fe ty  and Heal th 

(NIOSH) received a reques t  from t h e  United S t e e l  Workers of America, Local 
7836, a t r a d e  union, t o  eva lua t e  the  r e s p i r a t o r y  e f f e c t s  of exposure t o  
platinum s a l t s .  Workers represented by t h e  union a r e  employed i n  a secondary 
r e f i n e r y  of prec ious  metals .  The 12-year o ld  f a c i l i t y  reclaims platinum and 
o t h e r  prec ious  meta ls  from sc rap  meta l  and expended c a t a l y s t  used i n  t h e  
e l e c t r i c a l  and chemical i n d u s t r i e s .  The sc rap  i s  burned, mi l led ,  and then  
d isso lved  i n  aqua r e g i a  ( a  mixture of hydrochloric  and n i t r i c  a c i d s ) .  The 
prec ious  meta ls  a r e  separated and concentrated through sequen t i a l  
s o l u b i l i z a t i o n  and p r e c i p i t a t i o n  t o  y i e l d  ammonium hexachloropla t ina te  o r  
"yellow s a l t . "  The s a l t  is  then  heated t o  r e s u l t  i n  m e t a l l i c  platinum. 
Workers exposed t o  platinum s a l t s  dur ing  t h i s  process  r epo r t ed ly  develop 
sneezing,  watery eyes,  cough and as thmat ic  wheezing. The union noted t h a t  a 
l a r g e  number of workers had been medical ly  terminated from employment a f t e r  
developing symptoms of a l l e r g y .  

Af t e r  r ece iv ing  t h i s  r eques t ,  t he  i n v e s t i g a t o r s  reviewed the  medical 
l i t e r a t u r e  on platinum t o x i c i t y .  I n  summary, Karasek and Karasek i n  1911 
f i r s t  repor ted  the  development of a l l e r g i c  r h i n i t i s ,  d e r m a t i t i s ,  and bronchia l  
i r r i t a t i o n  among workers exposed t o  platinum s a l t s .  S tud ie s  by Hunter and 
coworkers (1945) and by Hughes (1980) have confirmed t h e  p o t e n t i a l  of platinum 
s a l t s  t o  induce a l l e r g i c  r eac t ions .  Up t o  60% of workers exposed t o  l e v e l s  of 
2 t o  200 ug pt/m3 become s e n s i t i z e d  wi th  a l a t ency  of t h r e e  months t o  
s e v e r a l  yea r s  a f t e r  f i r s t  exposure (Proc tor  & Hughes, 1978). Laboratory 
s t u d i e s  have found t h a t  s e n s i t i z a t i o n  develops t o  t he  halogenated s a l t s  of 
platinum (e.g. ,  ammonium hexach lo rop la t ina t e )  and not  t o  t h e  meta l  i t s e l f  
(Cleare ,  e t  a l .  1976; Cromwell, e t  a l .  1980). Bronchial cha l lenge  t e s t s  wi th  
t h e  platinum s a l t s  can produce immediate, l a t e ,  o r  dua l  responses i n  
s e n s i t i z e d  i n d i v i d u a l s  (Pepys & Hutchcroft ,  1975).  T e s t s  using l abo ra to ry  
animals suggest  t h a t  t h e  a l l e r g i c  r e a c t i o n  i s  mediated p r imar i ly  by IgE 
(Pepys, e t  a l .  1980). Complete recovery i s  bel ieved t o  occur a f t e r  removal 
from exposure (Hughes, 1980).  While some s t u d i e s  of platinum a l l e r g y  have 
been completed i n  Europe, t he  problem has received v i r t u a l l y  no a t t e n t i o n  i n  
t h e  United S t a t e s  of America. 

Question 1 
Discuss t he  c l i n i c a l  p a t t e r n s  and mechanisms of occupat ional  asthma a s  

they  r e l a t e  t o  t h e  design- of an epidemiological  s tudy of -  t h e  problem. 

Question 2 
L i s t  o the r  agents  known t o  cause occupat iona l  asthma. 

Question 3 
How would you proceed i n i t i a l l y  t o  d e f i n e  the  na tu re  and magnitude of t he  

h e a l t h  problems a t  t h e  f a c i l i t y ?  
a )  What would be the  key f a c t o r s  you would a s ses s?  
b)  What sources of information you would use? 

a * By Dean Baker, 1985; rev ised  December 1985. 



PART 2 
Af t e r  an i n i t i a l  meeting wi th  union and management and t o u r  of t h e  

f a c i l i t y ,  the  i n v e s t i g a t o r s  arranged t o  review a l l  records  pe r t a in ing  t o  t he  
number of workers a t  t h e  f a c i l i t y ,  p o t e n t i a l  exposures,  medical t e s t i n g  
procedures,  and documented the  h e a l t h  problems. The f a c i l i t y  c u r r e n t l y  had 
122 employees, one-third of whom worked i n  o f f i c e s  wi th  no apparent  exposure 
t o  platinum s a l t s .  The i n v e s t i g a t o r s  abs t r ac t ed  personnel records  of a l l  
employees who had been terminated due t o  medical reasons. The number of 
medical te rmina t ions  by work a r e a  a t  time of te rmina t ion  i s  shown f o r  1974 t o  
1979 i n  Table X L V I I .  

Table XLVII Terminations due t o  b r o n c h i t i s  and d e r m a t i t i s  
(number of employees terminated by yea r )  

AREA 

Refinery 2 4 5 4 2 3 

Recovery 1 3 3 1 0 0 

Maintenance1 1 1 2 0 0 1 
warehouse 

Chemical products /  1 3 1 0 4 0 
s a l t s  

Labora tor ies  0 0 0 0 0 1 

Other 0 2 2 0 0 0 

To ta l  5 1 3  1 3  5 6 5 

To ta l  employees 125 130 150 175 147 140 
on s i t e  

To ta l  employees 6 6 6 5 9 3 9 6 8 0 108 
i n  ope ra t ing  
a r e a s  

Proport  ion  - - - - - 
terminated 
i n  opera t ing  a r e a s  

Question 4 
Calcula te  the  propor t ion  of workers i n  t he  ope ra t ing  a r e a s  per  year  who 

were medical ly  terminated due t o  b r o n c h i t i s  and d e r m a t i t i s .  

a )  Do these  r e s u l t s  suggest  t h a t  t h e r e  is  a medical problem? 

b) Why might one use t h e  number of employees i n  t h e  opera t ing  a r e a s  ( r a t h e r  
than t o t a l  employees) a s  t he  denominator of t he  propor t ion?  



c )  The p ropor t i on  of workers being medica l ly  terminated pe r  yea r  t ends  t o  
decrease  over  t i m e .  What could be exp lana t ions  f o r  t h i s  t r e n d ?  

d )  How u s e f u l  i s  t h e  information on t h e  number of t e rmina t ions  by l a s t  work 
a r ea?  What a d d i t i o n a l  in format ion  would you want t o  determine? 

L i t t l e  d a t a  on exposures t o  platinum s a l t s  w i th in  t h e  f a c i l i t y  were 
a v a i l a b l e .  The company could provide environmental monitor ing d a t a  f o r  
var ious  a r e a s  of t h e  f a c i l i t y  f o r  t h e  years  1977 t o  1979. Some examples of 
t h e  monitor ing d a t a  a r e  shown below i n  Table  XLVIII. 

Table XLVIII Examples of i n d u s t r i a l  hygiene sampling r e s u l t s  
f o r  plat inum s a l t s  

Date Locat ion 

28 Jun 1977 Warehouse 

4 Aug 1977 Recovery, 3rd & 
4 t h  f l o o r s  

A i r  concen t r a t i on  ( p e r  m?) - Sampling t ime(h)  

11 Oct 1977 Ref inery ,  cascade 34.0 ug 4.65 

1 3  Sep 1979 Refinery,  muff le  room 

The r e s u l t s  of environmental sampling u s u a l l y  a r e  expressed a s  a 
time-weighted average (TWA) of t he  a i r  concen t r a t i ons  f o r  a n  e n t i r e  work day. 
The formula f o r  a time-weighted average i s  a s  fo l lows:  

N 
C (Concentrat ion Sample i ) X (Time Sample i ) 

i=1 
TWA Concentrat ion = 

N 
C (Time Sample i ) 

i=1 

where N = number of samples taken  i n  a r e a  over t he  workshi f t .  

Question 5 
Ca lcu l a t e  t he  TWA a i r  concen t r a t i ons  of platinum s a l t s  f o r  t h e  fou r  days 

of sampling l i s t e d  i n  Table XLVIII. 
a )  What a r e  t he  assumptions i m p l i c i t  i n  t h e  use of t he  TWA formula? 
b) Given t h a t  t h e  examples i n  Table XLVIII a r e  t y p i c a l  of t h e  o t h e r  sampling 

r e s u l t s ,  do you be l i eve  a p o t e n t i a l  environmental hazard e x i s t s  a t  t he  
f a c i l i t y ?  What o t h e r  information i s  necessary  t o  a s s e s s  t h e  a c t u a l  level. 
of exposure t o  the  employees? 



F i n a l l y ,  t h e  i n v e s t i g a t o r s  reviewed t h e  medical s e r v i c e s  f o r  t h e  f a c i l i t y ,  
inc lud ing  pre-employment and pe r iod i c  medical sc reen ing  procedures.  P r i o r  t o  
1979, pre-employment sc reen ing  cons i s t ed  of a  gene ra l  medical h i s t o r y  and 
phys i ca l  examination. Since A p r i l  1979, p o t e n t i a l  employees a l s o  have been 
eva lua ted  f o r  gene ra l  h i s t o r i e s  of a l l e r g i e s  and s p e c i f i c  platinum s a l t  
s e n s i t i z a t i o n .  Persons w i th  p o s i t i v e  a l l e r g y  t e s t s  were not h i r ed .  Pe r iod i c  
sc reen ing  c o n s i s t s  of a  i n t e r i m  medical h i s t o r y  and phys i ca l  examination. 
S ince  1977, ches t  radiographs have been obtained every two yea r s  and pulmonary 
func t ion  t e s t s  every  year .  Skin p r i c k  t e s t i n g  f o r  platinum s a l t s  
s e n s i t i z a t i o n  is  not r o u t i n e l y  done. Workers who complain of symptoms t o  t he  
company nurse  a r e  r e f e r r e d  t o  l o c a l  phys ic ians  f o r  a  medical eva lua t ion ,  
inc lud ing  pulmonary func t ion  t e s t s  and s k i n  t e s t i n g  w i th  platinum s a l t s ;  those  
wi th  p o s i t i v e  s k i n  tests a r e  medica l ly  te rmina ted .  

Ouestion 6 

Discuss  t h e  adequacy of the  medical sc reen ing  procedures.  How might t h e s e  
procedures  r e s u l t  i n  a b iased  documentation of a l l e r g i c  d i s e a s e  among t h e  
exposed workers? 

Af t e r  reviewing e x i s t i n g  personnel  and medical records ,  environmental 
sampling r e s u l t s ,  and medical t e s t i n g  procedures ,  t h e  i n v e s t i g a t o r s  decided t o  
conduct a  c ros s - sec t iona l  medical e v a l u a t i o n  of workers p o t e n t i a l l y  exposed t o  
platinum s a l t s .  

Ouestion 7 

Who would you a s k  t o  p a r t i c i p a t e  i n  t h e  s tudy? 

Question 8 

What s p e c i f i c  t e s t s  would you inc lude  i n  a  f i e l d  medical e v a l u a t i o n  of 
a l l e r g i c  occupat iona l  asthma? 

PART 3 
The i n v e s t i g a t o r s  decided t o  conduct a  c ros s - sec t iona l  medical e v a l u a t i o n  

of a l l  c u r r e n t  employees and any ex-employees who were medical ly  terminated 
due t o  asthma, b r o n c h i t i s ,  o r  d e r m a t i t i s .  Each sub jec t  would be be g iven  a  
ques t i onna i r e  on presen t  h e a l t h  symptoms, p a s t  medical h i s t o r y ,  family h i s t o r y  
of a l l e r g y ,  and work exposure h i s t o r y ;  a  phys i ca l  examination of the  h e a r t ,  
lungs ,  and s k i n ;  spirometry ( lung  f u n c t i o n  t e s t s )  before  and a f t e r  a  work 
s h i f t  ( c u r r e n t  employees on ly) ;  pulmonary co ld-a i r  cha l lenge  t e s t ;  s k i n  p r i c k  
t e s t i n g  t o  platinum s a l t s  and t h r e e  common a e r o a l l e r g e n s  (ragweed, t imothy, 
and d u s t ) ;  and blood drawing t o  measure serum concen t r a t i on  of t o t a l  IgE and 
of IgE s p e c i f i c  f o r  common a l l e r g e n s  using a  r ad ioa l l e rgoso rben t  t e s t  (RAST). 
The pulmonary co ld-a i r  cha l lenge  t e s t s  c o n s i s t s  of spirometry before  and a f t e r  
t h e  sub jec t  v igorous ly  b rea thes  a i r  cooled t o  -40°C; i t  i s  designed t o  
e l i c i t  nonspec i f ic  h y p e r r e a c t i v i t y  of the  bronchia l  a i rways - a cond i t i on  
i n d i c a t i v e  of b ronchia l  asthma. 



Question 9 

How would you t r a c e  and con tac t  t h e  medical ly  terminated workers? 

Question 10 

Since the  eva lua t ion  inc ludes  brea th ing  t e s t s  and the  c o l l e c t i o n  of a  
blood sample, i t  i s  poss ib l e  t h a t  workers may be r e l u c t a n t  t o  p a r t i c i p a t e .  
What s t e p s  would you take t o  maximize voluntary  p a r t i c i p a t i o n ?  

Question 11 

The i n v e s t i g a t o r s  f e l t  t h a t  t h e r e  were i n s u f f i c i e n t  resources  t o  a l low 
them t o  d u p l i c a t e  t h e  s tudy on unexposed workers a t  another  f a c i l i t y  a s  a  
comparison ( r e f e r e n t )  populat ion.  How would you e s t a b l i s h  a  r e f e r e n t  
popula t ion  i n  t h i s  s i t u a t i o n ?  

PART 4 

During the  Summer of 1981, NIOSH i n v e s t i g a t o r s  arranged f o r  r e sea rche r s  
from t h e  I Jn ivers i ty  of Cinc inna t i  t o  provide e x p e r t i s e  i n  conducting t h e  
co ld-a i r  cha l lenge  t e s t s  and s k i n  p r i c k  and blood t e s t s  f o r  a l l e r g y .  
Arrangements were made f o r  NIOSH t r a i l e r s  t o  be parked a t  t h e  f a c i l i t y  s o  t h a t  
t he  employees could be t e s t e d  on-si te .  Based on a  review of the  medical 
records ,  t h e  i n v e s t i g a t o r s  decided t h a t  49 workers had been terminated 
poss ib ly  due t o  platinum s a l t s  a l l e r g y ;  they  used te lephone books, motor 
veh ic l e  l i c e n s e  records ,  and in t e rv i ews  with c u r r e n t  workers t o  t r a c e  t h e  
terminated workers. Thir ty-s ix terminated workers were loca ted ;  29 agreed t o  
p a r t i c i p a t e  i n  t h e  study. 

I n  September 1981, the  i n v e s t i g a t o r s  from NIOSH and the  Un ive r s i t y  of 
Cinc inna t i  conducted the  medical eva lua t ion  of t h e  terminated workers and 107 
(87%) of 123 a v a i l a b l e  cu r r en t  employees. Nine employees were not a v a i l a b l e  
due t o  vaca t ions  o r  i l l n e s s e s .  

Question 1 2  
What p o t e n t i a l  b iases  may a r i s e  from studying only 29 of 49 medical ly  

terminated workers? How could you eva lua t e  t h e  p o t e n t i a l  b i a s?  

Question 1 3  
Nine cu r r en t  workers were unavai lab le  a t  t he  time of the  s tudy  and 16  

e l ec t ed  not  t o  p a r t i c i p a t e  i n  t h e  eva lua t ion .  How might t h e s e  
non-par t ic ipants  a f f e c t  t he  r e s u l t s  of the  study. How would you eva lua t e  t he  
p o t e n t i a l  impact of t h e  non-par t ic ipa t ion?  

F i f t e e n  (14%) of 107 c u r r e n t  employees and e i g h t  (28%) of 29 terminated 
workers had p o s i t i v e  platinum s a l t s  s k i n  t e s t s .  This  s tudy  was t h e  f i r s t  t o  
f i n d  p e r s i s t e n t  p o s i t i v e  s k i n  t e s t s  among medical ly  terminated workers. 



Question 14 

As noted above, the literature states that sensitivity to platinum salts 
resolves once exposure has ceased. How do you explain the discrepancy between 
the literature and the results of this study? 

PART 5 

Initial analyses of the data focussed on the relationships between the 
skin prick test for platinum salts; symptoms of asthma, rhinitis, and contact 
dermatitis; positive cold-air challenge test; elevated total IgE; atopic 
tendency as indicated by positive skin test to the aeroallergens; and smoking 
status. The variable definitions are as follows: 

Rhinitis symptoms - Itchy, watery eyes or itchy, runny nose while at work. 

Asthma symptoms - Wheeze plus two-thirds of whom have a cough, 
shortness of breath or chest tightness. 

Reported dermatitis - Itching or burning skin while at work. 

Positive cold air test - Decrease in the forced expiratory volume in one 
second 2 9% after cold-air challenge. 

Elevated IgE - Total IgE > 500 ng/ml. 

Atopic status - Positive skin test to 21 of ragweed, timothy, or dust. 

Initial results are presented in Table XLIX. Each outcome except smoking 
has been dichotomized (i.e., positive or negative) for ease of presentation. 
The test results are presented separately for current workers who were 
platinum salts skin test negative; current workers who were platinum salts 
positive; and all terminated workers. 



Table XLIX Test  r e s u l t s  by s t a t u s  and platinum s k i n  t e s t  

Current  workers Current  workers Terminated 
Reported symptom Pt .  s k i n  t e s t  P t .  s k i n  t e s t  + workers 

o r  test  r e s u l t  Number X Number X Number X 

R h i n i t i s  symptoms 28/92 30 13/15 87 10129 34 

Asthma symptoms 29/92 32 9/15 60 11/29 38 

Reported d e r m a t i t i s  7/92 8  4/15 2  7  6/29 21 

P o s i t i v e  co ld-a i r  test 6/85 7  5/15 3  3  8/27 30 

Elevated IgE 7/87 8  4/15 2  7  9/29 31 

P o s i t i v e  a t o p i c  test  29/92 32 6/15 4  0 8/29 28 

Smoking - c u r r e n t  31/91 3  4  12/15 8  0  20129 69 
- q u i t  24/91 2 6  2  /l 5  1 3  8/29 27 
- never 36/91 4  0  1 /l 5  7  1 /29  3  

The r e l a t i v e  r i s k  of an adverse h e a l t h  outcome due t o  platinum s a l t s  
a l l e r g y  was es t imated  by c a l c u l a t i n g  t h e  odds (cross-product)  r a t i o  f o r  each 
outcome among t h e  platinum s a l t s  s k i n  test p o s i t i v e  ve r sus  nega t ive  c u r r e n t  
employees. 

e s t i o n  15  

I n  c ros s - sec t iona l  prevalence s t u d i e s ,  when i s  t h e  prevalence odds r a t i o  
(cross-product  r a t i o )  t h e  app rop r i a t e  measure of e f f e c t  and when i s  t h e  
prevalence r a t i o  the  app rop r i a t e  measure of e f f e c t ?  Why was t h e  prevalence 
'odds r a t i o  used i n  t h i s  s tudy?  

Question 16 

Ca lcu l a t e  the  prevalence odds r a t i o s  f o r  each h e a l t h  outcome among 
platinum s a l t s  s k i n  t e s t  p o s i t i v e  versus  nega t ive  c u r r e n t  employees. Is 
platinum s a l t s  s e n s i t i v i t y  a n  apparent  r i s k  f a c t o r  f o r  t he se  adverse h e a l t h  
outcomes? 

Question 17 
I n t e r p r e t  t he  r e s u l t s  of t he  a t o p i c  t e s t  and smoking s t a t u s  a s  they  r e l a t e  

t o  plat inum s a l t  a l l e r g y .  

a )  Is smoking h a b i t  an  apparent  r i s k  f a c t o r  f o r  platinum s a l t s  a l l e r g y ?  

b) Is a t o p i c  tendency an  apparent  r i s k  f a c t o r  f o r  platinum s a l t s  a l l e r g y ? .  

c )  How do these  f i n d i n g s  i n f luence  your a n a l y s i s  and i n t e r p r e t a t i o n  of t h e  
e f f e c t  of platinum s a l t s  a l l e r g y -  on t h e  h e a l t h  outcome i a r i a b l e s ?  



Question 1 8  

You know (from t h e  l i t e r a t u r e  review) t h a t  t h e  s k i n  p r i c k  t e s t  i s  a  h igh ly  
s p e c i f i c ,  but no t  h igh ly  s e n s i t i v e  test f o r  plat inum s a l t s  a l l e r g y .  How 
would t h e  l ack  of s e n s i t i v i t y  of t h e  s k i n  p r i c k  test  i n f luence  t he  apparent  
r e l a t i o n s h i p  between plat inum s a l t  a l l e r g y  and t h e  r e s u l t s  of t h e  o t h e r  tests 
mentioned above? 

Question 1 9  

The ques t i onna i r e  a l s o  asked about t h e  time of onse t  of symptoms; t hus ,  i t  
i s  p o s s i b l e  t o  s e p a r a t e  t h e  workers wi th  symptoms i n t o  those  wi th  onse t  before  
o r  a f t e r  beginning work a t  t he  f a c i l i t y .  A s  an  example, t h i s  d i v i s i o n  f o r  
asthma symptoms among c u r r e n t  workers is  shown below: 

P o s i t i v e  asthma symptoms No symptoms 
Onset before  h i r e  Onset a f t e r  h i r e  .................................................... 

P t .  s k i n  t e s t  + l 8 6 

Pt .  s k i n  t e s t  - 17 12 63 .................................................... 

a )  How does a  cons ide ra t i on  of t h e  t ime of onse t  of t h e  asthma symptoms 
in f luence  t h e  apparent  a s s o c i a t i o n  between t h e  symptom and t h e  platinum 
s a l t s  s k i n  test r e s u l t s ?  

b) I n  ana lys ing  the  d a t a ,  how should you t r e a t  t he  18 persons who repor ted  
having asthma symptoms p r i o r  t o  h i r e  a t  t h e  f a c i l i t y ?  

Ouestion 20 

A c r i t i c i s m  of c ros s - sec t iona l  ep idemiologica l  s t u d i e s  is  t h a t  u s u a l l y  t he  
s tudy  popula t ion  i s  a  "surv ivor  populat ion."  How does t h e  i n c l u s i o n  of t h e  
medica l ly  terminated workers i n  t h i s  s tudy  a f f e c t  your a b i l i t y  t o  i n t e r p r e t  
t h e s e  d a t a ?  Use d a t a  i n  Table XLIX t o  s u b s t a n t i a t e  your argument. 



INSTRUCTOR'S NOTES 
OCCUPATIONAL ASTHMA DUE TO PLATINUM SALTS 

Summary 

This cross-sectional medical evaluation attempted to overcome the 
limitation of studying only a "survivor" population by including workers who 
had been medically terminated from the facility in prior years. The 
mechanisms for tracing and the value of including these ex-workers are 
presented. The emphasis of the exercise is on the interpretation of data and 
the recognition of potential biases arising in cross-sectional epidemiological 
studies. Major didactic points include: 

A. The causes of occupational asthma. 
B. Calculation and interpretation of time-weighted averages. 
C. Field (on-site of facility) methods for evaluating occupational asthma. 
D. Methods to trace ex-employees for participation in a medical evaluation. 
E. Interpretation of study results and recognition of potential biases, 

including reporting errors, loss to follow-up, non-participation, and 
misclassification. 

F. Appropriate measures of effect in cross-sectional morbidity studies. 

PART 1 

Answer 1 

The discussion of mechanism should be adjusted to the clinical training 
level of the participants. The discussion should emphasize the clinical 
features and mechanisms that are relevant to the design and interpretation of 
an epidemiological evaluation - i.e., clinical patterns by symptoms and 
timing, latency after exposure, predisposing factors, and pathophysiological 
mechanisms as they influence the medical testing procedures. 

Definition. "Asthma is a disorder of function characterized by widespread 
partial obstruction of the airways which varies in severity, is reversible 
either spontaneously or as a result of treatment, and is not due to 
cardiovascular disease." (Ciba Guest Symposium Report, 1959). It has been 
estimated that about 2 X of all cases of asthma are due to occupational 
exposures. The investigator must take care to differentiate between 
occupational and nonoccupational asthma. 

Clinical patterns. The major patterns of asthma include "immediate" (develops 
within minutes after exposure with recovery usually within minutes to a few 
hours); late or "nonimmediate" (usually starts several hours after exposure 
and is maximal for four to eight hours); or dual (occurrence of both immediate 
and late types together). Questionnaires must attempt to elicit the time 
pattern of symptoms. If any medical testing is planned, it must be 
appropriate to the pattern of the asthma (e.g., reaction during the workshift 
or, perhaps, at home after the work shift). 



Latency. Allergic asthma does not occur on first exposure. The latent 
interval after first exposure varies from a few weeks to many years. Several 
studies report sensitization in workers after episodes of very high exposure. 
Nonallergic asthma reactions may develop at any time with sufficient 
exposure. Questionnaires should assess the timing of onset relative to first 
exposure to potential agents and should evaluate whether symptoms developed 
after a particularly high exposure. The investigator should keep in mind that 
average exposure may not be the most relevant index of exposure. 

Predisposing factors. Atopic individuals (those with a tendency to produce 
IgE antibodies readily on contact with common environmental allergens) are at 
increased risk of sensitization due to some agents (e.g., grain dust, 
biological detergents), but not to others. Likewise, smoking may predispose 
individuals to the development of asthma after occupational exposures. 
Questionnaires should evaluated these factors. 

Mechanism. Most instances of occupational asthma are due to Type I or 
immediate hypersensitivity reactions mediated by IgE, or in some instances by 
short-term sensitizing IgG antibody (S-TS IgG). Contact with the allergen 
causes release of histamine from mast cells, which in turn stimulates smooth 
muscle contraction in the airways. Both IgE and IgG antibodies can be 
measured using existing immunological techniques, such as the skin prick 
test. In some cases bronchoconstriction may be caused by complement 
activation, irritation, or nonimmunological release of histamine. These 
mechanisms are not mediated by antibodies and can not be evaluated using 
standard skin tests. 

Treatment and prevention. Treatment of occupational asthma is not 
satisfactory in the presence of continuing exposure. Generally sensitized 
workers must be removed from exposure. Prevention usually involves a 
combination of the following strategies - substitution, environmental 
controls, use of personal protective equipment, identification of susceptible 
workers (when relevant for the particular exposure), and periodic medical 
examinations. 

Answer 2 
Many agents have been identified as causing occupational asthma. Some 

examples are listed below, with the occupations generally affected. 
a) Grains, flours, plant and gum 

Grain, flour, hops, castor beans, Bakers, millers, farmers, grain 
gum acacia, wool elevator operators, printers 

b) Insects, etc. 
Beetles, locusts, cockroaches, Laboratory workers, entomologists, 
grain weevil, grain storage mites, farm workers, mill workers, anglers 
moths and silkworms 

C) Laboratory and other animals 
Rats, mice, guinea pigs, rabbits, Laboratory workers, bird fancers, 
avian proteins, feathers, prawns prawn processing, oyster shuckers 



d) Fungi 
Spores of various fungi Bakers, farm workers, domestics 

e) Woods 
Western red cedar, South African Wood workers, carpenters, pattern 
boxwood, oak, mahogany, redwood makers, wood finishers 

f) Metals 
Boranes, chromic acid, platinum Chrome plater, cement workers, 
salts, potassium dichromate, platinum refiners, chemists, 
nickel, vanadium, cobalt welders, grinders 

g) Chemicals 
Fluorine, tannic acid, various Chemical workers, nurses, paint 
mines, formalin, trimellitic sprayers, laboratory workers, 
anhydride, colophony solderers, meat wrappers 

h) Drugs and enzymes 
Psyllium, methyl dopa, penicillins, Drug manufacturer employees, 
tetracycline, trypsin,pancreatic chemists, pharmacists, 
extract, Bacillus subtilis detergent manufacturer workers 

i) Isocyanates 
Toluene diiocyanate Workers on toluene diiocyanate 

manufacturer, plastics factory, 
foam manufacture, toy makers. 

Answer 3 

The investigators should attempt to verify the diagnoses of identified 
cases and to define the magnitude of the problem through the construction of 
prevalence or incidence rates. The investigators should talk with all 
concerned parties and review existing records to assess the potential 
exposures, population at risk (denominator of rate), and health events of 
interest (numerator of rate). 

a) Potential exposures - production process; substances present in the 
facility (raw materials, intermediate and final products); past exposure 
monitoring (and results); ventilation and engineering controls; work 
practices; use of personal protective equipment; hygiene practices, such 
as where workers eat and smoke; etc. Much of this information is best 
interpreted by an industrial hygienist, who should work together with the 
epidemiologist. 

Population at risk - number of employees over time by work areas and 
possibly by job titles; turnover rates (total, voluntary, and involuntary 
for medical or other reasons). 

Health events - symptoms and known medical conditions among workers; 
absenteeism rates; use of medications; number and causes of medical 
terminations. 



b) Sources of information include the following: 
Potential exposures - facility environmental monitoring procedures and 
results; facility procedures for work practices, ventilation system 
maintenance, use of personal protective equipment, etc.; results of 
previous investigations by other agencies (e.g., OSHA or NIOSH); company 
production records, sales records, raw material purchase records, and 
brochures; and detailed discussions with workers, management, and safety 
officers on potential exposure sources. 

Population at risk - primary source of information is the personnel 
records of the facility (group records from payroll for denominators of 
rates and individual records for job titles, work areas, and length of 
employment); other sources include union dues check off and direct 
verification through counting or listing of employees (practical, only if 
a relatively small facility) 

Health events - legally required records (e.g. OSHA 200 forms), facility 
medical records (may have to go to local physician's office to review); 
nurses station log; workers' compensation and medical insurance, if plan 
exists; and focussed group discussions with management, medical service 
providers, local medical practitioners, nurse, and workers on their views 
of the health problems. 

PART 2 

Answer 4 
The proportion of workers in the operating areas per year who were 

medically terminated due to bronchitis or dermatitis is shown below: 

a) The results clearly suggest that there is a medical problem; 0.098 or 
nearly 10% of the workers in the operating areas per year were 
terminated after developing bronchitis and/or dermatitis. 

b) The employees in the nonoperating areas generally are not exposed to the 
platinum salts and, thus, effectively are not at risk of developing 
allergy. By including them in the denominator of the calculation, one 
would underestimate the true risk of being medically terminated due to 
platinum salts exposure. 

At this stage of the evaluation (descriptive epidemiology), the 
strategy is to continually refine the numerator and denominator of the 
prevalence or incidence rates to improve the estimate of risk. 
Numerators are made more precise through case verification and refinement 



of the case definition. Denominators are refined by attempting to 
identify the actual population at risk. In this case, the investigator 
used the employees in the operating areas as the best initial estimate of 
the population at risk. 

C) Interpretation of preliminary data is problematic; however, the 
investigator should consider the following possibilities: 1) there is an 
artifact; 2) the data are spurious due to reporting bias; and 3) the data 
reflect true biological events. The students should be encouraged to 
identify as many possibilities as they can. The instructor should 
emphasize the need to critically interpret data. Possibilities for the 
observed trend include: 

Artifact. Perhaps there is no true downward trend: a) the numbers used 
to calculate the proportions are relatively small and, thus, unstable. If 
only a few of the 13 persons terminated in 1975 had been terminated a few 
months earlier in 1974, the proportions would have evened out, eliminating 
the peak proportion of 0.200 in 1975; b) the artifact may be due to a 
change in diagnostic procedures where the diagnoses were applied more 
restrictively in later years (perhaps based only on medical tests rather 
than on symptoms). 

Reporting reasons. Examples include a) a change in the tendency to have 
medical terminations (the company might discourage these to avoid workers' 
compensation insurance rate increases and the workers might wish to avoid 
being labeled as a "medical termination") or b) with the economic 
recession of the late 1970's. workers had less options for other jobs and 
would be more likely to hide their medical problems for fear of losing the 
job they had. It is important for the investigator to consider whether 
broader social and other factors may influence the reporting of health 
events over time. 

Biological reasons. After eliminating the above reasons, the investigator 
should identify possible biological reasons for the apparent trend. 
Examples include a) exposures decreased over time leading to a decrease in 
adverse health outcomes; b) a survivor effect is occurring as the worker 
population stabilizes and the susceptible employees have already been 
terminated; and c) the newly hired employees with the substantial 
expansion in the mid-1970's have not been exposed long enough to develop 
the health problems. 

Answer 5 
The TWA air concentrations of platinum salts for the four days of sampling 

are shown below: 
28 Jun 1977 - 11.5*(0.85) + 2.3*(1.57) + 3.5*(1.83) 

..................................... = 4.66 ug/m3 
0.85 + 1.57 + 1.83 



11 Oct 1977 - 34.0x(4.65) -----_----- = 34.0 ug/m3 

4.65 

13 Sep 1977 - 1.6x(1.58) + 0.8x(4.00) ....................... D 1.03 ug/m3 
1.58 + 4.00 

Answer 5 

a) Assumptions in the use of the TWA formula include the following: 

4 
1) The samples obtained are representative of exposure levels. 

2) The most relevant indicator of exposure is the average air 
concentration rather than short-term or peak exposures. 

3) A more technical assumption is that the numerical average is the 
appropriate method. to express average exposure. In fact, air 
concentrations tend to vary in a log-normal (rather than normal) 
distribution. Thus the geometric mean may be a better summary 
measure of average exposure. 

b) Yes, three of the four TWA's are substantially above the levels cited in 
the literature (see Part I) as causing allergic health problems. The 
investigator should use existing literature and occupational health 
regulations to evaluate whether exposures appear to be excessive. (The US 
OSHA standard is 2.0 ug/m3. ) 

To assess actual exposure, the investigator should consider the chain 
of transmission of the agent to the worker. For an industrial exposure, 
the chain may be shown as the following: 

'AIR CONCENTRATIONS 
SOURCE H ~ P R O T E C T I ~ E  B m u E R s j B o D Y  E ~ P O ~ ~ L I E J W S E  

\OTHER ROUTES / 

Issues to consider based on this model include the following: 

1) Local ventilation and other control technology may reduce the air 
exposure to the worker. Measuring air concentrations with personal 
sampling devices is preferable to area measurements. 

2)  The investigator must evaluate the potential for exposure via direct 
contact and other routes that are not reflected in the measurement of 
air concentrations. Related factors include personal hygiene, eating 
and smoking practices. 

3) The use of protective barriers, including personal protective 
equipment, must be evaluated in order to determine actual body 
exposure. 



Answer 6 
The medical testing procedures prior to 1979 were inadequate in that they 

did not include specific testing for atopic status or allergy to platinum 
salts. In 1979, such tests were implemented. This change in procedures must 
be considered by the investigator for the following reasons: 

a) The change in procedures could introduce artifacts in the identification 
and recording of medical problems. 

b) Prior to 1979, data on allergic status was not obtained; thus, no 
pre-exposure (baseline) health data is available for the exposed workers. 

C) TO the extent that atopic tendency is a risk factor for platinum salts 
allergy, the screening procedures implemented in 1979 should have resulted 
in a less susceptible population. Thus, the incidence of allergy may 
decrease even without any reduction in exposure. 

d) The procedures for referral of workers with complaints to local medical 
practitioners for skin prick testing and possible medical termination are 
likely to have inhibited workers from utilizing the nurses station. Such 
procedures would bias the apparent incidence of allergy downwards. 

Answer 7 
The investigators asked all current employees to participate in the 

medical evaluation. The advantages of such an approach include the following: 

a) Transfer of positions within the facility is possible; therefore, the 
investigators should assess the exposure histories and health status of 
employees who now work in nonexposed areas, but may have worked in 
operating areas previously. 

b) Truly nonexposed employees may serve as an internal comparison group. 

C) The three ways of sampling subjects in cross-sectional studies are 1) 
exposure-selective (select exposed and nonexposed groups); 2 )  outcome 
selective (select "cases" and a well comparison group); and nonselective 
or ambidirectional (select the whole population or a representative random 
sample). By examining all employees or a random sample of employees, the 
investigators are more likely to avoid selection bias. Also there is less 
need to decide a priori on definitions of "exposed" or "case". 

d) In small facilities, it may be necessary to offer the medical testing to 
all employees to avoid alienating workers at the facility who may not be 
included. Such an approach is likely to increase participation by all 
employees. 

Because of the high turnover rate, the investigators also decided to 
attempt to study all workers who had been medically terminated from the 
facility. Such an approach allows one to evaluate whether they had continuing 
health problems and whether they differed from workers still at the facility 
(e.g., in atopic status or other possible risk factors). 



Answer 8 
The key factor in field testing for occupational asthma is that the tests 

must be safe and feasible to conduct at the industrial facility. The most 
definitive test for allergic asthma is the inhalation challenge test; however, 
this test must be conducted in a clinical setting. Tests which may be used in 
the field include: 

a) Questionnaire to assess symptoms, medical problems, medications, personal 
and family histories of allergy, full occupational history, and work 
history and exposures at the facility. 

b) Physical examination for dermatitis, wheezing or other respiratory signs. 
The physical examination is not very valuable for occupational asthma. 

C) Pulmonary function tests for signs of obstructive airways disease. A 
baseline test should be done before a workshift, if possible, after at 
least two days since the last workshift. This test provides an indication 
of fixed obstruction. The tests should be repeated after the workshift on 
the same day with the same testing equipment to evaluate whether exposure 
has induced airway obstruction. In general, the pre- to post-shift change 
in lung function is a specific, but not a sensitive test of occupational 
asthma. The lack of sensitivity is due to the fact that sufficient 
exposure may not occur on the particular testing day. 

8 )  Pulmonary function tests for signs of hyperreactive airways. Recently, 
investigators have tended to include pulmonary challenge testing with 
either methacholine (a drug) or cold-air in the field evaluation of 
occupational asthma. Both tests can be done at an industrial facility. 
The subject completes a baseline lung function test and then is 
administered the challenge substance according to a protocol. The lung 
function test is repeated after the challenge. A positive test indicates 
the presence of hyperreactive airways, a sign of of asthma. 

e) For an evaluation of a substance felt to be capable of causing allergic 
asthma, testing should include immunological tests, such as skin testing 
or possibly blood drawing for testing of specific allergic antibodies 
(IgE) using the radioallergosorbent test (RAST) or other techniques. Such 
tests can indicate the presence of IgE, but they do not prove that the 
asthma is due to the substance. 

Each of these tests was included in this evaluation. 

PART 3 -- 
Answer 9 

Medically terminated workers were traced through the use of telephone 
books, driver license records, and word of mouth among current employees and 
neighbors at last known addresses. Tracing living ex-employees to participate 
in a medical evaluation requires different methods than the approach when 
doing a mortality study. The time is shorter since last employment; the 



investigator actually needs to contact the person and not just obtain vital 
records; and the search area is limited since the subject must be close enough 
to the facility to allow participation in the study. 

pnswer l0 
Key concerns of workers that affect participation include confidentiality 

of test results, individual notification and interpretation of results, 
possible use of results by the management to terminate workers, nature and 
risks of medical tests, and amount of time or disruption in the workshift to 
complete the tests. Strategies should include the following: 

a) Ueeting with management, union and workers to educate them about the 
purpose and procedures of the evaluation. Encourage both management and 
the union to circulate a notice endorsing the medical evaluation. Posters 
can be posted advertising the oncoming testing. 

b) Group meeting with the employees to explain the purpose and procedure of 
each test and to answer questions. Each of the concerns listed above 
should be addressed. 

c) Key persons within the facility should be encouraged to personally 
participate in the evaluation. In this case, all top management and union 
leaders personally participated in the evaluation on the first day of 
testing . 

Answer 11 

When there are insufficient resources to establish a referent population, 
the investigators should attempt to use standardized testing procedures with 
established "normals". In this case, the investigators used the American 
Thoracic Society respiratory questionnaires modified with questions 
specifically on asthma symptoms as developed by well recognized asthma 
researchers. Pulmonary function tests and other immunology tests are well 
standardized. 

For the cold-air challenge tests (which at the time was not as well 
known), the investigators did select and test a comparison group of workers. 
In addition, the investigators established an internal standard for test by 
using the results of workers who had absolutely no respiratory symptoms and 
were negative on all other tests of allergy. The test values of this subgroup 
compared very well with the few published reports for results on normal 
populations. 

PART 4 

Answer 12 

(Note: the point of these questions is to encourage the students to 
identify possibie sources of bias in conducting epidemiological studies. The 
answers are provided as examples and are not the only possible answers.) 



Q 18 
It should be noted that the participation of 29 of 36 terminated workers 

who were located was a reasonably good participation rate. In any case, the 
investigators must consider whether the loss-to follow up (the 13 terminated 
wokers who could not be located) and the nonparticipants (the seven who 
declined to participate) could be different than the ones who did participate 
in the study. Possibilities include that the lost persons could have died due 
their illnesses or may have moved to another climate because of illness. They 
also could have recovered and moved elsewhere for new employment. The persons 
who declined to participate are more likely to be less ill or less concerned 
about their illness than ones who elected to participate. Thus the 
participants would tend to increased the apparent prevalence of problems. 

One may evaluate the potential for bias by a) reviewing the personnel and 
medical records of the terminated employees to evaluate whether the 
participants differed systematically from the non-participants and loss-to 
follow-up workers, and b) administering a brief questionnaire (even over the 
phone) to the nonparticipants to provide some data on their health status 
since leaving the facility. 

Answer 13 
The nine current workers unavailable at the time of the study fall into 

two groups. The persons on vacation are unlikely to be substantially 
different than the workers at the facility. On the other hand, workers who 
are unavailable because they are ill, may be ill due to exposure. It is 
important to determine why each absent employee is ill.The 16 current workers 
who declined to participate are probably different than those who do 
participate. In many instances, older or long-term employees are less likely 
to participate. Unlike with the terminated workers, some current employees 
may decline to participate, if they believe they are affected and that 
participating in the study may lead to their termination. It is critical for 
the investigators to insure the confidentiality of test results. The 
potential bias introduced by the nonparticipation may be estimated by 
comparing the personnel records and demographic data for participants and 
nonparticipants. During analysis, it is valuable to make several calculations 
of the measures of effect making different assumptions (best case, likely 
case, and worse case situations) as to the effect of the nonparticipation. 
These alternative results provide an indication of range of possible bias. 

Answer 14 
As with the above questions about interpreting outcomes, the students must 

consider the possibility that the result is- either artifact or real. The 
results may appear to be different if the tests were done in a different way 
by the investigators, if earlier reports were incorrect, or if the exposures 
actually involved different platinum salts. 

Biological reasons for the difference in results include that the persons 
included in the study had been terminated only a short period of time and, 
thus, their tests had not returned to normal yet (actually not the case since 
some had not worked at the facility for several years); there was higher 
exposure at the facility; because of inadequate pre-employment screening, the 
facility had exposed susceptible persons who may have remained ill longer; and 
due to the lack of periodic screening, the employees continued to be exposed 
to the platinum salts for substantial periods after becoming sensitized. Such 

continued exposure can cause an increase in allergic antibody levels. 



PART 5 

Answer 15 
The prevalence odds ratio is the appropriate measure of effect when the 

investigators are using a prevalence study to estimate the relative risk (rate 
ratio) of a chronic condition, assuming that the incidence of disease and 
exposure are stable (i.e., steady-state condition). The prevalence ratio is 
the appropriate measure of effect, when the investigators are using the 
prevalence study to estimate the relative risk (attack rate ratio or 
cumulative incidence ratio) of an acute problem or epidemic, assuming that the 
period of risk essentially has passed and that the population at the time of 
the study is nearly equal to the population at the beginning of the epidemic 
(i.e., the "rare disease" assumption). 

The prevalence odds ratio was used in this study because the investigation 
concerned the development of occupational asthma due to chronic, on-going 
exposures. 

(Note: Additional information for the instructor on the use of the 
prevalence odds ratio and the prevalence ratio is provided below (see also 
Kleinbaum, et al. 1982). The students should not be expected to learn the 
material in this depth.) 

Further comments on the use of prevalence odds ratios and prevalence ratios 
By definition, P/(l-P) = ID X D where P is the prevalence proportion, ID is 

the incidence density (person-time 
incidence), and D is the average duration of 
the health condition. 

To estimate relative risk in two subpopulations of exposed (e) and nonexposed 
(01, one could divide the above formula for the two groups: 

The left side of the equation is the prevalence odds ratio (POR), and the 
right side of the equation is the rate ratio (RR) times the ratio of the 
average duration of disease in the exposed by the unexposed. Thus, 

POR = RR X De/Do. 

Since the rate ratio is the appropriate measure of effect for a chronic 
condition, the prevalence odds ratio is the best estimate of the rate ratio in 
a prevalence study. Note that the estimate depends upon the assumption of 
equal duration. Since illness due to exposure may cause workers to leave work 
(as with allergy due to platinum salts) prematurely, it is likely that the 
disease duration in the study population will be shorter for the exposed and, 
thus, the POR will tend to underestimate the rate ratio (i.e., be a 
conservative estimate of the relative risk). 



On the other hand, for an acute outbreak or epidemic, the appropriate 
measure of effect is the relative risk of attack among the exposed compared to 
the nonexposed (i.e., the attack rate ratio - well known in infectious disease 
epidemiology). For exposed and non-exposed, the formula would be as follows: 

Ce/ Ne 
where C is the number of cases 
Attack Rate Ratio (AR) = -------- 
and LU is the population at 

CO /No 
the beginning of the period of risk. 

By assuming that essentially no one has withdrawn from the population, 
then C becomes equivalent to the prevalent cases and I becomes equivalent to 
the population number. Thus the attack rate ratio becomes equal to the 
prevalence ratio. In other words, the prevalence ratio is the appropriate 
estimate of the relative risk for an acute (epidemic-like) problem. 

It should be noted that the prevalence odds ratio has some advantages over 
the prevalence ratio, in addition to the above issues: a) the POR can be 
calculated in all three methods of selection study subjects (i.e., 
exposure-selective, outcome-selective, and non-selective) while the PR can be 
calculation only for exposure-selective and non-selective sampling schemes; b) 
the POR as a cross-product ratio is more stable as a measure of effect than 
the PR in the face of varying underlying prevalences. For very small 
prevalences among the unexposed the PR becomes quite unstable. 

Answer 16 
The prevalence odds ratios for each health outcome among platinum salts 

skin test positive versus negative current workers are shown below: 

------------- 
Rhinitis - 13 2 8 14 

13 X 64 
2 64 66 POR = ----------- = 14.86 

------------- 2 X 28 
15 9 2 10 7 

Asthma symptoms - 3.26 
Reported dermatitis - 4.42 
Cold-air challenge - 6.58 
Elevated IgE - 4.16 

Note that atopic status and smoking are not health outcomes of platinum 
salts sensitivity and should not have been included by the students in this 
quest ion. 

Based on the odds ratios, platinum salts sensitivity is an apparent risk 
factor for each health outcome. To confirm this impression, the investigator 
could calculate the Chi-square test statistic and derive 95% confidence 
intervals for the odds ratio. Use of these formulas is not included in this 
exercise. 
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Answer 17 

Interpretation of a risk factor requires an gpriori understanding or 
belief in the directionality of an observed association between two factors. 
Specifically, it is plausible to assume that platinum salts sensitivity may - 
have caused the above health outcomes. However, it would not have determined 
atopic status and past smoking history and thus, could not be a risk factor 
for these conditions. On the other hand, it is plausible that an atopic 
tendency or smoking could increase the risk of platinum salts sensitivity 
(both have been reported in the literature to do so in other instances of 
occupational asthma). 

a) Smoking appears to be a strong risk factor for platinum salts 
sensitivity. Only 34% of current workers who were platinum salts skin- 
test negative were current smokers, compared to 80% in current workers who 
were skin test positive and 70% in the terminated workers. These 
differences are highly significant with statistical tests. 

b) It is very difficult to determine whether an atopic status is a risk 
factor for platinum salts sensitivity. The proportion of persons who are 
atopic positive in each of the three groups of study subjects is 
approximately equal. The differences are not statistically significant. 

On the other hand, eeveral points muet be made to suggest that one should 
consider it a risk factor: a) reports in the literature have reported that 
atopic status is a risk factor for platinum salts allergy; b) in comparing the 
two current worker groups, the positive skin test workers do have a higher 
proportion of atopic positive subjects (40% versus 32%). The difference is 
not statistically significant but the size of the study population is small 
and, thus, the power of the study is weak, With a larger study population 
this difference would have been statistically significant; c) the lower 
proportion of atopics in the terminated group could be a manifestation of the 
bias due to loss to follow-up and should not be considered too strongly in 
interpreting the overall effect of atopic status. 

Overall, one would conclude that atopic status is not a clear risk factor 
for platinum salts in this particular study; however, the limitations of the 
study (i.e., cross-sectional study with less than 100% participation and no 
definitive bronchial challenge testing) preclude making a definite conclusion 
on this issue. 

C) Clearly amokinb, and possibly atopic status, are independent risk factors 
for platinum salts sensitivity. They also are risk factors for most of 
the health outcomes. Therefore, they are potential confounders in the 
apparent association between platinum salts sensitivity and the health 
outcomes. To evaluate the role of smoking and atopic status, the 
investigator would stratify on these variables in analysing the 
association between platinum salts sensitivity and the health outcomes. 

Answer 18 
To the extent that persons with true platinum salts allergy who had 

adverse health outcomes were misclassified as being platinum salts skin test 
negative, the association between allergy and the health outcomes would be 
weakened. In other words, misclassification due to lack of sensitivity would 
tend to underestimate the effect of platinum salts allergy. 



Answer 19 
a) The time of onset of the asthma symptoms strongly influences the apparent 

association between platinum salts skin test result and asthma symptoms. 
As calculated in question 16 from the data in Table XLIX, the odds ratio 
for asthma symptoms is as follows: 

POR = ( 9  X 63)/(6 X 29) = 3.26 

However, the persons that had an onset of asthma before being hired had a 
platinum sensitivity comparable to those with no symptoms, while workers with 
symptoms onset after hiring had a much higher proportion of persons with a 
positive skin test. Excluding the 18 persons with onset before hiring (since 
they actually were not at risk of having an onset after hire), the odds ratio 
for new asthma symptoms is as follows: 

POR = (8 X 63)/(6 X 12) = 7.00 

Clearly, by eliminating the workers who had symptoms not necessarily due 
to exposure, the strength of the association between the skin test and asthma 
symptoms is much greater. 

b) As was done in 19a above, one could eliminate the persons, who are not at 
risk of developing symptoms after hiring, because they already had 
symptoms before being hired. At the same time, this group should be 
closely examined to see if the severity of their symptoms and other health 
outcomes is different, because they may, in fact, be a group with greater 
susceptibility to adverse health outcomes. 

Answer 20 
The inclusion of the medically terminated group allows the investigators 

to interpret the effect of personal risk factors such as smoking and atopic 
status, as discussed above. These seem to demonstrate that the findings among 
the current workers are not merely spurious due to a survivor effect. 

A hypothetical ex~mple of a survivor effect would be, if the prevalence of 
smoking among the terminated workers had been like that of the negative 
current workers. One could than have concluded that, in contrast to the 
actual findings, smoking was protective and allowed sensitized workers to 
remain at the facility longer. 

The inclusion of the terminated workers also allows the investigators to 
find out more about the natural history of the disease after exposure has 
ceased. In this case, symptoms tended to return to nearly the prevalence 
among the negative skin test current workers, but airway hyperreactivity and 
elevated IgE remained. Thus, these terminated workers remained at high risk 
of developing asthma if exposed to new agents. 
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PESTICIDE POISONING AMONG ANTIMALARIA WORKERS* 

PART 1 

You are the medical officer in charge of the malaria control programme in 
Pakistan (Baker, et al. 1978) You have learned of cases of pesticide 
intoxication beginning in late June within weeks of the beginning of that 
season's spraying. That season malathion had replaced DDT which was used 
previously but abandoned as the mosquito vector was found to have developed 
resistance to the insecticide. Malathion was selected in part on the basis of 
it being one of the safest insecticides as confirmed by the field testing of 
malathion in Nigeria (Elliott & Barnes, 19631, Uganda (Najera, et al. 19671, 
and Central America (WHO, 1967) which had demonstrated little evidence of 
human toxicity. 

There were 77000 workers (working as 1100 spray teams) exnployed by the 
malaria control programme in the Punjab and the Northwest Frontier Province, 
the main areas of xnalathion usage. Each spray team consisted of five 
spraymen, one mixer, and one supervisor. The signs and symptoms of the illness 
were suggestive of an organophosphorous insecticide intoxication. Little else 
was known except that the illness appeared more common on Friday and Saturday 
than on Sunday. Also five deaths had been attributed to pesticide poisoning 
including two mixers and three spraymen. Clinically it appeared that the 
illness was more severe among those using either of two Italian brands of 
malathion. Three deaths had been reported among those using these Italian 
brands and two deaths had occurred in an area using an American brand. 

Question 1 
How would you proceed to investigate this situation? 

Question 2 
State the main problem in the episode described. 

Question 3 
In your opinion what preliminary organizational network should you 

establish to investigate this epidemic? 

Question 4 
What are the likely symptoms and signs you would expect in a case of acute 

malathion ( organophosphorou~ compound) poisbning? What combination of symptoms 
would you use for a case definition? 

Question 5 
What are the possible reasons as to why symptoms appeared on 

Friday/Saturday, while the workers were symptom-free on Sunday? 

*By J. Jeyaratnam 1985; revised December 1985. 



Question 6 

What could be the possible reasons as to why malathion (known to be a safe 
pesticide) should result in an outbreak of poisoning among workers? 

PART 2 

Cases of organophosphate poisoning have now been confirmed by medical 
personnel both on the basis of clinical examination and by documentation of 
depressed cholinesterase levels. To define the extent of the epidemic and to 
explain why disease was occurring with a relatively safe insecticide, you have 
planned a questionnaire survey. It is necessary to define a case for the 
questionnaire survey. An episode of acute intoxication was defined as a team 
member having any four of the following five symptoms: blurred vision, 
giddiness, nausea, vomiting or abdominal pain. The incidence of intoxication 
was determined by interviewing a random sample (approximately 10%) of the 
spraymen, mixers and supervisors in Punjab and Northwest Frontier Province. 
Questionnaires were administered to 425 spraymen, 86 mixers and 95 
supervisors, a response rate of 72.1% of those selected for interviews. The 
number of persons with at least one episode of acute malathion intoxication is 
shown in Table L. 

Table L Incidence of acute malathion intoxication among malaria control 
workers, interviewed during 1976. Pakistan 

Number with at least one 
Type of wot-k Number interviewed episode of poisoning ( X )  

Spraymen 425 174 (41) 

Mixers 8 6 33 (38) 

Supervisors 9 5 19 (20) 

Source: Baker, et al. 1978, page 31, modified. 

As the total numbers of spraymen, mixers and supervisors enlployed in the 
malaria control programme were known, it was possible to estimate on the basis 
of the above incidence that there were a total of 2810 workers with at least 
one episode of pesticide intoxication in July 1976. 

Question 7 

What type of epidemiological study was this interview survey? 



Question 8 

What are your comments on: 

a) sampling methods? 
b) response rate of 72.1%? 

Question 9 

How would you now proceed? 

PART 3 

It was now evident that an extensive outbreak of acute malathion poisoning 
was occurring among workers in the malaria control programme. Among the three 
categories of workers, spraymen and mixers were observed to have the highest 
prevalence of symptoms. The major concern at this stage was to identify 
possible causes as to why malathion, a usually safe pesticide, should have 
resulted in such an extensive outbreak of poisoning among users. 

For this the staff from the provincial and district malaria programmes 
observed spray teams during a typical working day and completed a detailed 
work practice and symptom checklist on each worker. Improper work practices, 
such as sprayers working in clothes wet from pesticides, were observed. 
Further these same clothes were worn for several days without washing. Both 
spraymen and mixers had extensive skin contact with pesticide during the 
filling and pressuring of the spray tanks. Some mixers mixed the malathion 
suspension with their hands. Many spray cans leaked pesticide onto the arms, 
hands and chests of spraymen. When spray nozzles became clogged, the spraymen 
sometimes blew through them to unclog them. 

Question 10 

How would you attempt to establish the fact that poor work practices, as 
observed, were likely to have resulted in this outbreak of malathion 
intoxication or are you satisfied with the description of the work practices? 
Would you want to further characterize the work practices ? If yes, how? 

PART 4 

Table L1 presents the results of a skin patch survey of workers in three 
jobs, spraymen, mixers, and supervisors, from three body sites. In addition, 
air samples were taken. Airborne exposure of sprayers was very low, 3% of the 
US exposure standard. 



Table L1 Malathion concen t r a t i on  i n  skin-patch samples by 
job and body s u r f a c e ,  Pak i s t an  1976 

Mean exposure (ug/cm2) a t  each s i t e  

Forehead Chest A r m  

Job  No. Mean Range No. Mean Range No. Mean Range 

Spraymen 1 9  39.3 6.7-202.5 19  13.6 1.4-105.0 1 8  41.5 2.9-88.2 
Mixer 1 5.9 - 1 1 .3  - 1 49.6 - 
Supervisor  3  2.2 1.6- 2.9 3  0.9 0.5- 1 . 5  2  2.9 2.8, 3 .0  

Source: Baker, e t  a l .  1978, p. 34; c i t e d  i n  WHO/TRS 667, 1982, p. 27. 

Ouest ion 11 

Is t h i s  d a t a  c o n s i s t e n t  with t h e  obse rva t ion  of work p r a c t i c e s  descr ibed  
i n  p a r t  3? 

Question 12 

Which i s  the  important r o u t e  of exposure,  r e s p i r a t o r y  o r  dermal? 

Question 1 3  

Are you s a t i s f i e d  t h a t  poor work p r a c t i c e s  r e p r e s e n t s  an  adequate  
explana t ion  f o r  t h i s  epidemic? I f  no t  p l ea se  r e s t a t e  any a d d i t i o n a l  hypothes i s  
and desc r ibe  how you would proceed wi th  an  i n v e s t i g a t i o n  t o  e v a l u a t e  your 
theory.  

PART 5 

You conclude t h a t  while  work p r a c t i c e s  a r e  poor,  t h a t  they would not  a lone  
exp la in  t he  outbreak of i l l n e s s .  From t h e  ques t i onna i r e  d a t a  you a l s o  have 
confirmed h igher  prevalence r a t e s  i n  workers us ing  the  I t a l i a n  brands,  but 
because teams have used a l l  brands from time t o  t ime ,  you decide t o  do a  smal l  
survey of c h o l i n e s t e r a s e  depress ion  i n  o rde r  t o  c o r r e l a t e  e f f e c t s  w i th  c u r r e n t  
p e s t i c i d e  exposure.  Table L11 p r e s e n t s  c h o l i n e s t e r a s e  depress ion  d a t a  by job 
and brand of i n s e c t i c i d e .  Brand 2 and 3 a r e  of I t a l i a n  o r i g i n .  



Table L11 End-of-day red-ce l l  c h o l i n e s t e r a s e  a c t i v i t i e s  and mean r e l a t i v e  
changes* by job ca tegory  and type  of p e s t i c i d e  used,  Pak i s t an  (1976) 

Cho l ines t e r a se  a c t i v i t i e s  pH/h** 

Superv isor  Mixer Spraymen R e l a t i v e  change 

P e s t i c i d e  No. Mean S.D. No. Mean S.D. No. Mean S.D. Supervisor  Mixer Spraymen 

Brand 1 14 0.62 0.20 11 0.58 0.10 66 0.58 0.12 + 5.9 - 0.8 - 3.1 
Brand 2 2 0.59 0.00 4 0.34 0.06 1 8  0.38 0.14 + 3.2 -20.1 - 11.2 
Brand 3 6 0.59 0.17 6 0.39 0.25 28 0.24 0.15 + 0.2 -39.2 - 46.7 

* (Evening r ed -ce l l  c h o l i n e s t e r a s e  a c t i v i t y  minus morning red-ce l l  
c h o l i n e s t e r a s e  ac t iv i ty ) /Morning  c h o l i n e s t e r a s e  a c t i v i t y .  

** Normal range: 0.53-0.93 pH/h, based on t e s t i n g  of unexposed male Pak i s t an  
v i l l a g e r s .  

Source: Baker, e t  a l .  1978, p.32. 

Question 14  

Which brand do you t h i n k  i s  r e spons ib l e  f o r  t h e  epidemic? 

Question 1 5  

P lease  suggest  some hypothes i s  f o r  t h e  d i f f e r e n c e s  observed between brands.  

Conclusion 

Table L111 p r e s e n t s  chemical d a t a  on t h e  malathion conten t  and degreda t ion  
products  of t h e  t h r e e  brands.  The c l e a r e s t  d i f f e r e n c e  i s  i n  t h e  con ten t  of 
isomalathion,  a l though d i f f e r e n c e s  i n  minor c o n s t i t u e n t s  such a s  t r ime thy l  
phosphorodi th ioa te  a r e  observed a s  w e l l .  The au tho r s  pos tu l a t ed  t h a t  d i f f e r e n t  
chemical. c a r r i e r s  used. i n  t h e  impl ica ted  brands may have p r e c i p i t a t e d  t h e  
formation of degrada t ion  products .  

What programmes would you have i n i t i a t e d  t o  reduce t he  p o s s i b i l i t y  of a  
con t inua t ion  of t h i s  epidemic? 



Table L111 Percentage of malathion and degradation products in samples 
from three suppliers used in Pakistan 1976 

P P -p -p-p 

Mean in: 
Brand 1 Brand 2 Brand 3 

Code Chemical name (N-14) (N = 4) (N = 6) 

D.H.P.M. 0,O-dimethyl phosphonothioic acid 
T.H.T.P. O,O,O-trimethyl phosphorodithioate 
T.M.E. O,O,S-trimethyl phosphorodithioate 
D.E.P. Diethyl fumarate 
D.E.M.S. Diethyl mercaptosuccinate 
D.E.H.H.S. Diethyl amethylmercaptosuccinate 
P.S.P. Tetramethyl thiopyrophosphate 
Mixed ester 0.0-dimethyl S-(l-carbomethoxy, 2- 

carbomethoxy) ethyl phosphorodithioate 
2.3 

Malathion 0,O-dimethyl S-(1,2-dicarbethoxy) 
ethyl phosphorodithioate 

Haloxon 0,O-dimethyl S-(1.2-dicarbethoxy) 
ethyl phosphorodithioate 

Isomalathion 0,s-dimethyl S-(1,2-dicarbethoxy) 
ethyl phosphorodithioate 

T.E.H.S. Tetracthyl thiodisuccinate 
T.E.D.S. Tetracthyl dithiodisuccinate 



INSTRUCTOR' S NOTE S 

PESTICIDE POISONING AMONG ANTIMALARIA WORKERS 

Summary 
I n  1976, a n  epidemic of organophosphate i n s e c t i c i d e  poisoning due t o  

malathion occurred among 7500 f i e l d  workers i n  the  Pakistan malaria  c o n t r o l  
programme. I n  Ju ly ,  t h e  peak month of the  epidemic, i t  was estimated t h a t  
t h e r e  were about 2800 cases.  I n  f i e l d  s t u d i e s  low red c e l l  cho l ines te rase  
a c t i v i t i e s  were associa ted  with t h e  s igns  and symptoms of organophosphate 
i n s e c t i c i d e  in tox ica t ion .  

Toxic i ty  was seen with t h r e e  d i f f e r e n t  formulations of the  i n s e c t i c i d e  and 
was g r e a t e s t  with t h e  prsducts  containing increased amounts of i s m a l a t h i o n ,  a 
t o x i c  malathion degradation product. Poor work p rac t i ces ,  which had developed 
when DDT was the  primary i n s e c t i c i d e  f o r  malaria  con t ro l ,  r e su l t ed  i n  
excessive sk in  contac t  with and percutaneous absorption of the  pes t ic ide .  
Airborne malathion concentrat ions were very low. Implementation of good work 
p r a c t i c e s  and p rosc r ip t ion  of use of the  two pes t i c ide  formulations most 
contaminated with isumalathion hal ted  t h e  epidemic i n  September 1976. An 
extensive t r a i n i n g  programme and su rve i l l ance  system f o r  p e s t i c i d e  t o x i c i t y  
preceded t h e  1977 spraying operat ion.  

h e  purposes of t h i s  teaching exerc ise  a re :  
1 )  To in t roduce  concepts of the  cross-sec t ional  and r e l a t e d  study designs.  

2) To demonstrate the  order ly  s t e p s  use fu l  i n  inves t iga t ion  of an acu te  
noninfect ious d i sease  outbreak. 

3)  To demonstrate the  need and approaches t o  exposure assessment. 

4) To demonstrate t h a t  the  f i r s t  explanation (poor work p rac t i ces )  does not 
expla in  the  observed f a c t s  ( a  s a f e  p e s t i c i d e  causing an epidemic) and t h a t  
a p laus ib le  explanation must be sought t o  expla in  t h e  observed f a c t s .  

PART 1 

Answer 1 
An approach t o  the procedure f o r  inves t iga t ing  an epidemic should inc lude  

t h e  following s t e p s  (Lowe & Kostrzewski, 1973): 

a) e s t a b l i s h  the  exis tence  of an outbreak (epidemic); 
b) v e r i f y  t h e  diagnosis;  
c) quickly search f o r  a l l  e x i s t i n g  cases;  
d )  desc r ibe  and analyse cases  according t o  t i m e ,  p lace  and person; 
e) formulate hypotheses ; 
f )  plan a study t o  test a l l  reasonable hypotheses; 
g)  conduct the  study and analyse f indings ;  and 

e h) recommend con t ro l  measures. 



Answer 2 
Malathion, an  organophosphorous i n s e c t i c i d e  previously demonstrated t o  be 

extremely s a f e ,  has been observed t o  cause unexpected episodes of poisoning 
r e s u l t i n g  i n  a t  l e a s t  f i v e  deaths.  The problem i s  both se r ious  and unusual,  
hence requi r ing  f u r t h e r  inves t iga t ion .  

Answer 3 
The study population i s  l a rge  and i t  i s  poss ib le  t h a t  Pakistan,  l i k e  many 

o t h e r  developing coun t r i e s ,  may not have t h e  resources ( f inances ,  manpower and 
equipment) t o  undertake the  organiza t ion  and execution of the  study alone. 
Also given t h e  impl ica t ions  of t h i s  epidemic f o r  publ ic  hea l th  i n  o t h e r  
coun t r i e s  conducting s i m i l a r  programs v i t h  malathion, i t  is advisable  t o  have 
an ou t s ide  independent body associa ted  with t h e  study. I n  t h i s  ins t ance  t h e  
study was undertaken i n  co l l abora t ion  wi th  t h e  WHO and the  Centers f o r  Disease 
Control,  A t l an ta ,  USA. 

Answer 4 
The c l i n i c a l  s igns  and symptoms of malathion poisoning a r e  induced by 

i n h i b i t i o n  of t h e  enzyme cho l ines te rase  (ChE). The e a r l i e s t  symptoms a r e  
usual ly  blurred v i s ion ,  headache, d izz iness ,  nausea and vomiting, followed by 
abdominal pain,  sweating, miosie,  s a l i v a t i o n ,  lacrimation,  bronchial  
sec re t ion ,  muscular weakness, tremor of the  ex t remi t i e s ,  f a s i c u l a t i o n s ,  
d i f f i c u l t i e s  i n  breathing,  p a r a l y t i c  s igns  and a tax ia .  Several  c l i n i c a l  
c l a s s e s  of malathion poisoning have been described by WHO (WHO, 1982) (Table 
LIV) which s t a t e s  t h a t  i n  acute  poisoning with organophosphorous compounds, 
the  c l i n i c a l  manifes ta t ions  genera l ly  appear a f t e r  i n h i b i t i o n  of more than 50% 
of t h e  serum cho l ines te rase ,  and t h e  s e v e r i t y  of manifes ta t ions  p a r a l l e l s  t h e  
degree of serum ChE a c t i v i t y :  the re  i s  up t o  20-50% i n h i b i t i o n  of ChE l e v e l  
from the  base l ine  l e v e l  i n  mild poisoning; i n  moderate poisoning the  serum 
chol ines terase  a c t i v i t y  i s  10-20% of normal value and i t  is  l e s s  than 10% of 
normal value i n  severe poisoning. 

Table LIV C l i n i c a l  c l a s s e s  of malathion poisoning 
Class and type C r i t e r i a  

1 C l i n i c a l l y  i n s i g n i f i c a n t  No s i g n i f  i c a n t  s igns  o r  symptoms. 
exposure V i t a l  s igns  normal. Physical  

examination negative. His tory  of 
minimal exposure, usual ly  no odor of 
malathion. 

2 Mild non-specific 
c l i n i c a l  symptom 

Nausea, vomiting, d izz iness ,  
malathion odor detected.  

3 Mild tomodera te ly  severe Sia lorrhoea ,  few r a l e s  o r  ronchi ,  
s p e c i f i c  c l i n i c a l  pup i l s  small,  conscious, sometimes deep 
symptoms harsh breathing,  g lycosur ia  not 

infrequent .  

4 Severe s p e c i f i c  c l i n i c a l  A s  above but more marked, inc luding 
symptoms hypotension, Cheyne-Stokes r e s p i r a t i o n ,  

incontinence,  coma, cyanosis,  l o s s  of 
r e f l exes ,  f a s i c u l a t i o n s  and convulsfons. 



It i s  important t o  s t r e s s  the  need t o  def ine  a case of poisoning f o r  the  
purposes of t h e  inves t iga t ion .  The t y p i c a l  dilemma i s  between a too  r igorous 
case d e f i n i t i o n  which leads  t o  m i s c l a s s i f i c a t i o n  of some of the  poisoned i n t o  
t h e  non-case group, and too  l e n i e n t  a d e f i n i t i o n  which leads  t o  t h e  opposi te  
problem. 

Answer 5 
The employees work a six-day week with Sunday being an off-day. The main 

reason a s  t o  why symptoms appear towards t h e  end of t h e  work-week i s  because 
of the  cumulative depression of the  ChE l e v e l  due t o  the  repeated da i ly  
exposure t o  malathion. The symptoms appear when ChE l e v e l  i s  s i g n i f i c a n t l y  
depressed. A s  ChE i s  rap id ly  regenerated when exposure i s  discontinued, no 
symptoms a r e  evident  on Sunday. 

Answer 6 
There a r e  obviously a l a r g e  number of p o s s i b i l i t i e s :  

Knowledgeable use of wrong concentra t ion  of malathion. Such a 
p o s s i b i l i t y  i s  unl ike ly  a s  s t u d i e s  i n  o ther  developing coun t r i e s  
(Jeyaratnam, 1980) have indica ted  t h a t  government employees i n  vector  
c o n t r o l  programmes, unless  very c lose ly  supervised, a r e  known t o  use 
concentra t ions  lower than t h a t  recommended. This i s  done d e l i b e r a t e l y  
by the  spraymen both t o  reduce a poss ib le  hazard t o  themselves a s  well  
a s  poss ib ly  t o  make some p r o f i t  from t h e  unu t i l i zed  pes t i c ides .  
Whereas the  s i t u a t i o n  is  q u i t e  d i f f e r e n t  among owner farmers who tend 
t o  use p e s t i c i d e  concentra t ions  f a r  i n  excess of t h a t  recommended 
(Jeyaratnam, 1982) s o  a s  t o  ensure e f f e c t i v e  p ro tec t ion  of t h e i r  crops 
agains t  pes ts .  

i i )  The p o s s i b i l i t y  of gross ly  improper and unsafe work p r a c t i c e s  must be 
considered. 

i i i )  Some h i t h e r t o  undetected f a c t o r  - t h i s  must be given se r ious  
cons idera t ion  because of t h e  p r i o r  s a f e  use of malathion i n  
an t ima la r i a  con t ro l  programmes. 

PART 2 
Answer 7 

Of the  th ree  major types of epidemiological study, cohort,  case-control ,  
and cross-sec t ional ,  t h i s  s tudy has a t t r i b u t e s  of two, cross-sec t ional  and 
cohort.  C h a r a c t e r i s t i c a l l y  i n  a cross-sect ional  study, a population i s  
questioned and sometimes examined f o r  evidence of cu r ren t  d i sease ,  and cur ren t  
o r  pas t  exposure. I n  t h i s  ins tance ,  workers vere  asked about current  and past  
episodes of i l l n e s s .  Since malathion poisoning would be of r e l a t i v e l y  s h o r t  
dura t ion ,  i t  would be more l i k e l y  t h a t  p a r t i c i p a n t s  would have had pas t  
episodes than would be ill a t  t h e  time of the  ques t ionnai re  survey. This s tudy 
has some a t t r i b u t e s  of a cohort study, i n  t h a t  a l l  p a r t i c i p a n t s  a r e  asked 
about exposure and only the  f i r s t  episode of i l l n e s s  per  worker i s  counted a s  



a case. Unlike a cohort s tudy however, some cases  of poisoning w i l l  not be 
included i n  t h e  survey e i t h e r  because they a r e  too s i c k  t o  be a v a i l a b l e  f o r  
the  survey, o r  l i k e  the f i v e ,  they w i l l  have a l ready died. Technical ly,  t h i s  
study i s  c a l l e d  a "backward prevalence study." This type of s tudy i s  used a s  
an inexpensive s u b s t i t u t e  f o r  a cohort s tudy f o r  acu te  d iseases .  I n  a cohort 
study, a l l  p a r t i c i p a n t s ,  inc luding survivors  and decadent8 would be 
charac ter ized  a s  ill o r  not ill. 

La te r  on the  s tudents  w i l l  be asked t o  i d e n t i f y  the  study type when t h e  
researchers  ques t ion  the  p a r t i c i p a n t s  and do a cho l ines te rase  determination on 
each. Since p a r t i c i p a n t s  a r e  being asked about exposure and t e s t ed  a t  the  
same time, t h i s  would be an example of a cross-sec t ional  study. More important 
t h a t  being a b l e  t o  c o r r e c t l y  name the  study type, i s  a recognit ion of the  
p o t e n t i a l  b i a s  introduced, f o r  example, i f  only survivors  a r e  included i n  t h e  
"backward prevalence study." I n  i t s  gu ide l ines  on s t u d i e s  i n  environmental 
epidemiology (UNEP/ILO/WHO, 1983), WHO has i d e n t i f i e d  t h e  d i f f e r e n t  types of 
epidemiological s t u d i e s  a s  have Kleinbaum and coworkers (1982) 

Answer 8 

a )  A simple random design was used t o  s e l e c t  a sample. But no information 
was a v a i l a b l e  on t h e  d i s t r i b u t i o n  of workers i n  t h e  Punjab and t h e  
Northwest F r o n t i e r  Province. I f  the  numbers were very d i f f e r e n t  i n  the  
two provtnces, d i f f e r e n t  and unequal sampling r a t i o s  may have been 
appropr ia te  t o  insure  an adequate sample s i z e  i n  each area.  

b) A response r a t e  of 72.1% i s  reasonably adequate but one would have 
expected a higher r a t e  from regular  government employees. Fur ther  t h e r e  
was no information given about the  response r a t e  among d i f f e r e n t  
ca tegor ies  of workers, i .e .  spraymen, mixers and supervisors .  An at tempt 
should have been made t o  s tudy a small sample of non-responders. When 
t h i s  was done, i t  was observed t h a t  some of the  non-responders were those 
who were ill during t h e  episode and had given up employment. Thus t h e  
r a t e s  provided were underestimate. 

Answer 9 

To t h i s  point  the  exis tence  of an epidemic has been confirmed and the  
g r e a t e r  r a t e  demonstrated of d i sease  i n  t h e  spraymen and mixers a s  compared t o  
the  supervisors .  Previously i t  has been s t a t e d  t h a t  some hypotheses should now 
be t e s t e d  i n  s tud ies .  These inc lude  poor work p rac t i ces ,  and some chemical 
a l t e r a t i o n  i n  the  pes t ic ide .  

PART 3 
Answer 10 

It would be appropr ia te  i n  view of the  na ture  of the  improper work 
p r a c t i c e s  t o  e s t ima te  the  ex ten t  of dermal exposure t o  examine i t s  
re la t ionsh ip  t o  chol ines terase  a c t i v i t y .  Fur ther  i t  would a l s o  be necessary 
t o  examine the  extent  of occupational  exposure from ai rborne  malathion. 



The dermal absorption was assessed by a modificat ion of t h e  method of 
Durham and Wolfe (1962) t o  eva lua te  dermal absorpt ion  of malathion. It was 
observed t h a t  exposure t o  s k i n  surfaces  varied with t h e  job category: 
spraymen had the  h ighes t  exposure t o  forehead and ches t ;  t h e  mixers had t h e  
h ighes t  exposure t o  arms; supervisors  had the  lowest exposures (Table LI) .  

PART 4 
Answer 11 

Workers with t h e  g r e a t e s t  dermal exposure t o  malathion (spraymen and 
mixers) (Table LI) ,  were more severe ly  a f fec ted  than supervisors .  Dermal 
absorption,  which resu l t ed  from excessive sk in  contac t  during spraying and 
mixing opera t ions ,  was t h e  primary route  of p e s t i c i d e  uptake; r e s p i r a t o r y  
exposure was r e l a t i v e l y  unimportant. 

Answer 12 

A i r  samples were obtained by standard methods t o  a s sess  r e s p i r a t o r y  
exposure from ai rborne  malathion. Exposure of spraymen t o  a i rborne  
p a r t i c u l a t e  ma t t e r  and vapours was extremely low (mean 0.43 mg/m3) (NIOSH, 
1976), l e s s  than 3% of the  recommended US standard f o r  occupational  exposure 

3 t o  a i rborne  malathion (15 mg/m measured a s  an  8-hour time-weighted average 
when sk in  exposure i s  prevented) (NIOSH, 1976). Peak a i rborne  exposures were 
only s l i g h t l y  higher (mean 1.54 mg/m3). Airborne concentrat ions of brands 1 
and 3 were not s i g n i f i c a n t l y  d i f f e r e n t .  

Answer 13  

It has now been demonstrated by observation and more q u a n t i t a t i v e l y  t h a t  
spraymen and mixers had s u b s t a n t i a l l y  more dermal exposure than supervisors .  
It has not been explained why malathion, a "safe" p e s t i c i d e  was causing t h i s  
outbreak. Nor has t h e  observation been discussed t h a t  two of t h e  brands were 
associa ted  with more common and severe symptoms. 

The bes t  way t o  demonstrate a r e l a t i o n s h i p  between a p a r t i c u l a r  brand of 
malathion and t o x i c i t y  would be t o  measure cho l ines te rase  l eve l s .  The g r e a t e r  
t h e  depression of cho l ines te rase  l e v e l s ,  t h e  g r e a t e r  t h e  t o x i c i t y  of a 
p a r t i c u l a r  brand of malathion. S imi lar ly  chol ines terase  es t imat ions  among the  
var ious  ca tegor ies  of workers would i n d i c a t e  the  category of workers 
af fec ted .  The cho l ines te rase  analyses were performed i n  the  labora tory  by a 
modificat ion of t h e  standard method of Michel (1949). 



Par t  5 
Answer 14 

Sprayers and mixers who used brand-3 malathion had the  most severely 
depressed red-cel l  cho l ines te rase  a c t i v i t i e s  (Table LI);  t h e  average decrease 
over a s i n g l e  working day was 40-45%. Cholinesterase depression wi th  brand 2 
was s i g n i f i c a n t l y  g r e a t e r  than with brand 1 (t15.97, p 0.01, and brand 3 
caused s i g n i f i c a n t l y  more depression of chol ines terase  than brand 2 (t33.10, p 

0.01). Supervisors  had cho l ines te rase  a c t i v i t i e s  which were s l i g h t l y  
reduced but which were s i g n i f i c a n t l y  higher than those i n  mixers and spraymen 
using brands 2 and 3 ( p  0.01). 

Answer 15  
The two malathion prepara t ions  imported from I t a l y  were found t o  cause 

more t o x i c i t y  than the  prepara t ion  imported from America. Fur ther  brand 3 i s  
seen t o  be the  most tox ic  of the  t h r e e  brands of malathion used. 

The t h r e e  brands of malathion need t o  be analysed t o  determine t h e i r  
c o n s t i t u e n t s  i n  searching f o r  t h e  f a c t o r s  cont r ibut ing  t o  the  increased 
t o x i c i t y  of malathion. The samples of malathion were co l l ec ted  and analysed 
a t  the  Centers f o r  Disease Control,  At lanta ,  USA. The concentrat ions of 
malathion and twelve minor components i n  t h e  powders were determined by gas  
l i q u i d  chromatography. 

Brand 3 contained the  lowest concentra t ions  of malathion and the  highest  
concentrat ions of four  malathion breakdown products: isomalathion, methyl 
thiopyrophosphate (PSP), d i e t h y l  mercaptosuccinate (DEMS), and t r imethyl  
phosphorodithioate (TME). The i n  vivo t o x i c i t y  of t h e  p e s t i c i d e  samples 
co r re la t ed  best with the  isomalathion content:  a h ighly  s i g n i f i c a n t  l i n e a r  
c o r r e l a t i o n  (r10.83) was noted between t h e  average red-cel l  cho l ines te rase  
ac t , iv i ty  of the  team and the  lsomalathion content  of the  p e s t i c i d e  used by the  
team on t h e  day blood samples were obtained. Samples of p e s t i c i d e s  were 
administered o r a l l y  t o  r a t s ,  a t  4-6 dosage l e v e l s  per  sample t o  determine 
LD50 values. Brands 2 and 3 had s i g n i f i c a n t l y  lower LD50 values (626 and 
651 mglkg, respect ive ly ,  based on 50% powder) than brand 1 (1940 mglkg). 

The degradation products i n  the  malathion prepara t ions  manufactured by the  
two I t a l i a n  f i rms increased t h e  human and animal t o x i c i t y  of these  products.  
Although the  c l e a r e s t  s t a t i s t i c a l  c o r r e l a t i o n s  were noted between isomalathion 
concentra t ions  and t o x i c i t y  measurements, o t h e r  minor components such a s  TME, 
may a l s o  have contr ibuted t o  the  increased tox ic i ty .  Synergism between 
d i f f e r e n t  organophosphate compounds has been demonstrated i n  v i t r o  and may 
have accounted f o r  the  observed enhancement of t o x i c i t y  i n  the  I t a l i a n  
products.  C a r r i e r s  and s u r f a c t a n t s  used i n  t h e  manufacture of malathion, 
water-dispersible powders, a r e  probably important i n  t h e  formation of 
i sonala th ion and o the r  tox ic  minor components i n  powders held under t r o p i c a l  
s to rage  condi t ions  (WHO, 1979). 

Conclusion 
Answer 16 

A t  l e a s t  t h r e e  programmes which may f o r e s t a l l  f u r t h e r  outbreaks should be 
d i  scussed . 



a a )  The importance of h e a l t h f u l  work-practices. 

b) The value of a d i sease  su rve i l l ance  programme of determine t h e  
e f fec t iveness  of the  programmes suggested and a l s o  the  bas ic  preventive 
programmes. Suppose f o r  ins t ance  t h a t  you had ascr ibed t h e  outbreak t o  
poor work p r a c t i c e s  alone. A su rve i l l ance  scheme would then d e t e c t  the  
unexpected cases  t h a t  may occur even with good work p rac t i ces .  

c )  A p r a c t i c a l  research programme t o  f u l l y  understand why the  I t a l i a n  
products were tox ic ,  i n  order  t o  change some aspect  of t h e i r  manufacture 
o r  handling, o r  t o  enable o the r  imports with s imi la r  problems t o  be 
screened before they a r e  uaed. 
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CHRONIC RESPIRATORY DISEASES I N  COTTON TEXTILE WORKERS* 

PART 1 

The Egyptian National  Heal th Insurance System, s i n c e  1977, has  had t h e  
r e s p o n s i b i l i t y  f o r  c a r r y i n g  out  p e r i o d i c  medical examinations f o r  a l l  workers 
exposed t o  the  hazards s p e c i f i e d  i n  t he  Egyptian S o c i a l  Secu r i ty  Act. 
Byss inos is  due t o  exposure t o  c o t t o n  dus t  i s  compensatable, while  occupat iona l  
asthma and chronic  nonspec i f ic  pulmonary d i s e a s e  (CNSPD) a r e  no t ,  even though 
they  may be work r e l a t e d .  The System holds  r e g u l a r  monthly meetings t o  review 
occupat iona l  d i sease  r e p o r t s  from a l l  over Egypt. Cases a r e  subsequent ly 
r e f e r r e d  f o r  compensation. 

The S t a t i s t i c s  Unit  of the  Heal th Insurance System had observed t h a t  whi le  
ca ses  of byss inos i s  were repor ted  i n  t e x t i l e  and o t h e r  p l a n t s  processing 
c o t t o n  i n  t he  Del ta  region,  no cases  of byss inos i s  were repor ted  i n  Cairo. On 
a countrywide b a s i s ,  according t o  workmen's compensation records ,  c a s e s  
claiming compensation f o r  byss inos i s  were l e s s  than  0.05% of those  exposed t o  
c o t t o n  d u s t  and i n  Greater  Cairo t h e r e  were none. The t e x t i l e  i n d u s t r y  i s  one 
of t he  l a r g e s t  and o l d e s t  i n  Egypt. The co t ton  used i s  l o c a l l y  produced, long 
f i b r e ,  and handpicked which r e s u l t s  i n  a low d e b r i s  conten t .  

S c i e n t i f i c  r e p o r t s  on the  prevalence of byss inos i s  and CNSPD have been 
publ ished by s e v e r a l  research  i n s t i t u t i o n s  and u n i v e r s i t i e s  i n  Egypt (El- 
Batawi, 1962; El-Batawi & Shash, 1962; El-Batawi, e t  a l .  1964). The 
prevalence of byss inos i s  i s  repor ted  a s  10-302 among exposed workers i n  
g i n n e r i e s ,  card ing  and blowing ope ra t ions  and va r i ed  according t o  t he  type of 
c o t t o n  processed,  degree of d u s t i n e s s  and t h e  i n d u s t r i a l  p rocess  (El-Ratawi, 
e t  a l .  1964).  On the  o the r  hand, s t u d i e s  c a r r i e d  out i n  o the r  m i l l s  i n  Egypt 
have f a i l e d  t o  r evea l  ca ses  of t y p i c a l  byss inos i s  but pointed t o  a high 
prevalence of CNSPD (Abou A l i ,  1975; El-Samra, 1975; Qasim, 1977; El  Sokbi e t  
a l . ,  1982) o r  t o  ca ses  of " a t y p i c a l  byss inos is" .  

Question 1 

What r o l e  might t hese  monthly meetings have i n  t h e  prevent ion of 
occupat iona l  d i sease?  

Ouestion 2 

Offer  some p l a u s i b l e  explana t ions  f o r  t h e  d i f f e r e n c e s  observed between the  
Del ta  and Cairo a r e a s .  

Question 3 

How would you proceed t o  i n v e s t i g a t e  t he  problem? 

* By G.H.  El-Samra, 1985; rev ised  December 1985. 



PART 2  

Avai lable  information 

I n  Egypt, El-Batawi i n  1962 i n v e s t i g a t e d  the  prevalence of byss inos i s  i n  
t h e  c o t t o n  i n d u s t r y  and found t h a t ,  among 900 workers,  t h e  prevalence was: 38W 
i n  g i n n e r i e s ,  53% i n  ba l e  press ing ,  and 27% i n  t h e  card rooms of spinning 
m i l l s .  Cases were diagnosed e s s e n t i a l l y  on t h e  b a s i s  of ches t  t i g h t n e s s  on 
t h e  f i r s t  workday of the  week. 

I n  a  subsequent s tudy,  El-Batawi and Shash (1964) i nves t iga t ed  99 male 
workers i n  ginning and spinning m i l l s .  I n  t h i s  s tudy  t h e  prevalence of 
byss inos i s  w a s :  33% i n  g innery  workers, 25% a t  the  beginning of blowing, 10% 
a t  t h e  end of blowing, 18% t o t a l  blowing, and 43% among card room workers. 

El-Sobki (1975) i nves t iga t ed  t h r e e  t e x t i l e  m i l l s ,  where he examined 664 
workers. He demonstrated a  f a l l  i n  t h e  forced  e x p i r a t o r y  volume of t h e  f i r s t  
second (FEV1) a t  the  end of the  work s h i f t  i n  workers exposed t o  c o t t o n  
dus t .  However, he d id  not  f i n d  any c l i n i c a l  c a s e s  of byss inos i s ,  which he 
explained as being due t o  t h e  s h o r t  per iod  of exposure. He was a b l e  t o  
demonstrate a  s i g n i f i c a n t  r e l a t i o n s h i p  of c o t t o n  dus t  t o  the  prevalence of 
chronic  b r o n c h i t i s  among t h e  workers examined. The same p l a n t s  were surveyed 
aga in  i n  1981 and aga in  a  h igh  prevalence of CNSPD and "a typ ica l  byss inos is"  
was observed; no cases  of t y p i c a l  byss inos i s  were discovered.  Atypica l  ca ses  
had ches t  t i g h t n e s s  and sho r tnes s  of b rea th  which has no r egu la r  r e l a t i o n  t o  
days of t h e  week (El-Sobki, e t  a l .  1982). S imi l a r  r e s u l t s  were repor ted  by 
Abou A l i  (1975) and Qasim (1977),  who both found a  high prevalence of CNSPD 
but not  t y p i c a l  byss inos is .  

Resu l t s  of environmental i n v e s t i g a t i o n s  i n  a l l  repor ted  s t u d i e s  pointed t o  
f a i r l y  dus ty  condi t ions .  Dust concent ra t  i ons  ranged from 0.15-10 mg/m3. 

Diagnost ic  c r i t e r i a  i n  t hese  s t u d i e s  were f a i r l y  uniform and followed 
those  a v a i l a b l e  i n  t h e  c u r r e n t  l i t e r a t u r e .  These included:  

- Chronic b ronch i t i s :  i s  diagnosed when t h e  p a t i e n t  has  chronic  o r  r ecu r ren t  
cough toge the r  wi th  expec to ra t ion  which occurs  on most days f o r  a t  l e a s t  
t h r e e  months i n  t he  year  dur ing  a t  l e a s t  two yea r s ;  provided l o c a l i z e d  
chronic  d i s e a s e ,  o r  gene ra l i zed  s p e c i f i c  d i s e a s e  can be excluded. 

- Simple b ronch i t i s :  i s  diagnosed when t h e r e  i s  chronic  o r  r ecu r ren t  cough, 
e i t h e r  d r y  o r  product ive of mucoid sputum f o r  per iods  s h o r t e r  o r  l e s s  
f requent  than  those necessary  f o r  t h e  d iagnos is  of chronic b r o n c h i t i s .  

- Bronchial asthma: i s  a  r e v e r s i b l e  r educ t ion  i n  t h e  diameter of t h e  
bronchi manifested by a t t a c k s  ( r e c u r r e n t )  of ches t  wheezing o r  dyspnoea i n  
between which t h e  p a t i e n t  i s  u s u a l l y  f r e e  of symptoms ( c a r d i a c  causes  
being excluded).  During the  a t t a c k ,  o b s t r u c t i v e  v e n t i l a t o r y  impairment 
can he demonstrated which w i l l  u sua l ly  improve a f t e r  t h e  admin i s t r a t i on  of 
bronchodi la tors .  



- Emphysema: i s  diagnosed on t h e  b a s i s  of i nc reas ing  dyspnoea on e x e r t i o n  
( c a r d i a c  causes being excluded) and a combination of s e v e r a l  of t h e  
fol lowing s i g n s  and symptoms: l i m i t a t i o n  of ches t  movements, 
h y p e r i n f l a t i o n  of t h e  ches t  wi th  t r ansve r se  p o s i t i o n  of t h e  r i b s ,  
hyperresonance, encroachment on ca rd i ac  and h e p a t i c  d u l l n e s s ,  diminished 
diaphragmatic  movements a s  shown by t i d a l  percuss ion ,  diminished b rea th  
sounds and prolonged e x p i r a t i o n ,  wheeze and varying degrees of o b s t r u c t i v e  
v e n t i l a t o r y  impairment. 

- Byssinosis :  i s  diagnosed on t h e  b a s i s  of the  c h a r a c t e r i s t i c  symptoms of 
ches t  t i g h t n e s s  and/or  sho r tnes s  of b rea th  on r e tu rn ing  t o  work a f t e r  a n  
absence (Saturday t i g h t n e s s )  (Qasim, 1977).  

The s i t u a t i o n  wi th  byss inos i s  worldwide seems t o  p a r a l l e l  t h a t  of Egypt 
(WHO, 1983).  Cases of byss inos i s  have been repor ted  i n  c o t t o n  processing 
c o u n t r i e s  such a s  England, Ind ia ,  I s r a e l ,  t h e  Netherlands,  Sudan, Sweden and 
Uganda. I n  o t h e r  coun t r i e s ,  however, such a s  USSR, Czechoslovakia and i n  some 
s t u d i e s  i n  Poland, no cases  of byss inos i s  were de t ec t ed  but r a t h e r  CNSPD. I n  
Greece, lung func t ion  changes have been repor ted  i n  workers exposed t o  c o t t o n  
d u s t  but no c a s e s  of byss inos i s ;  s i m i l a r  r e s u l t s  have a l s o  been repor ted  i n  
t h e  USA (WHO, 1983). 

Question 4 

I f  you were conducting an  i n v e s t i g a t i o n ,  how would you proceed? 

PART 3 

Three p l a n t s  i n  the  Cairo a r e a  were s e l e c t e d  f o r  t h e  study. I n  t h e  t h r e e ,  
t h e  i n d u s t r i a l  p rocess  s t a r t e d  wi th  raw c o t t o n  ( b a l e s )  then  proceeded t o  t h e  
f i n i s h e d  yarn through mixing, c l ean ing ,  and carding.  The va r ious  i n d u s t r i a l  
p rocesses  were c a r r i e d  out  i n  s e p a r a t e  departments i n  t h e  two l a r g e r  p l a n t s .  
I n  t h e  t h i r d ,  a l l  work processes  were c a r r i e d  out i n  one common h a l l .  

Environmental s t u d i e s  

Table LV shows mean concent ra t ions  of r e s p i r a b l e  d u s t ,  ranges and number 
of samples taken i n  each department.  Sampling covered mixing, card ing  and 
spinning opera t ions  i n  t he  f i r s t  two p l a n t s  and the  common h a l l  i n  t h e  t h i r d .  



S 4 

TABLE LV Dust concen t r a t i ons  i n  va r ious  departments  i n  t h e  t h r e e  t e x t i l e  
m i l l s  ( r e s p i r a b l e  d u s t )  i n  mgm/d 

Fac tory  Department No. of Dust concen t r a t  i ons  mgm/m3 
samples range Average 

Mixing 6 
A Carding 6 

Spinning 6 
-P - 

Mixing 6 0.97 - 1.17 1.05 
B Carding 6 0.56 - 0.84 0.69 

Spinning 6 0.37 - 0.58 0.45 

C A l l  8 1.01 - 1.54 1.25 

Medical S tud ie s :  

The t o t a l  number of workers examined i n  t h e  t h r e e  p l a n t s  was 2723 (1885 
men and 838 women). Table  LVI shows t h e  d i s t r i b u t i o n  of workers according t o  
age. The m a j o r i t y  of workers were above 30 y e a r s  of age (82.1%) 

TABLE LVI D i s t r i b u t i o n  of workers according t o  aee 

M i l l  
A B C T o t a l  

Age No. of % No. of X No. of 9: number Z 
yea r s  workers workers workers 

To ta l  1300 100.0 1053 100.0 370 100.0 2723 100.0 

Table  LVII shows t h e  d i s t r i b u t i o n  of workers according t o  t h e  d u r a t i o n  of 
exposure t o  c o t t o n  d u s t .  It can be seen  t h a t  19.2% were exposed f o r  a pe r iod  
of less than 10  yea r s  while 80.8% were exposed f o r  10  y e a r s  o r  more. 



m TABLE LVII D i s t r i b u t i o n  of workers according t o  dura t ion  of exposure 

Length of M i l l  
s e rv ice  A B C To ta l  

years  No. X No. X No. X No. X 

To ta l  1300 100.0 1053 100.0 370 100.0 2723 100.0 

Prevalence r a t e s  of var ious  d i seases  were ca lcu la t ed  i n  t h e  t h r e e  m i l l s .  

Table LVIII shows t h a t  7.7% of the  workers developed simple b ronch i t i s ,  
14.42 had chronic b ronch i t i s ,  4.7% were asthmatics  while only 2.4% of t h e  
workers had emphysema. The prevalence of chronic b ronch i t i s  was higher  
(21.1%) among workers i n  m i l l  C than among those  i n  t h e  o the r  two m i l l s  (13.0% 

m and 13.8% respec t ive ly ) .  Also t h e  prevalence of CNSPD was higher  i n  m i l l  C 
(39.1%) compared with the  o t h e r  two m i l l s  (26.9%). No cases  of byss inos is  
were detected a t  any of the  m i l l s .  

Table LVIII D i s t r i b u t i o n  of cases  i n  the  d i f f e r e n t  m i l l s  

M i l l s  and (No. A (1300) B (1053) C (370) Tota l  (2723) 
of workers) 

Disease No. X No. % No. X No. X 

Simple b ronch i t i s  9 1 7.0 82 7.8 36 9.7 209 7.7 

Chronic b r o n c h i t i s  169 13.0 146 13.9 78 21.1 393 14.4 

Asthma 56 4.3 48 4.6 22 5.9 126 4.6 

Emphysema 3 2 2.5 26 2.5 8 2.2 66 2.4 

Tota l  348 26.8 302 28.7 144 38.9 794 29.2 



Among the  important f a c t o r s  cont r ibut ing  t o  the  development of CNSPD i s  
smoking. Table LIX shows the  inf luence  of smoking on the  prevalence of CNSPD 
among workers of both sexes. It is  apparent t h a t  the  prevalence of CNSPD 
among male smokers i s  much higher than among female workers (44.7% versus 
15.8%), the  prevalence among non-smokers of both sexes i s  nearly the same 
(11.5% versus 11.6%) and the  prevalence among smokers of e i t h e r  sex i s  higher 
than among non-smokers of the same sex. 

Female smokers had a s i g n i f i c a n t l y  higher prevalence of CNSPD than both 
male and female non-smokers but had a s i g n i f i c a n t l y  lower prevalence compared 
t o  male smokers. This l a s t  observation can be explained by the  f a c t  t h a t  
female smokers usual ly  s t a r t e d  smoking a t  an o l d e r  age and smoked l e s s ,  so ,  
they had lower pack/year f i g u r e s  than males ( 8  compared t o  21). Another cause 
i s  t h a t  male workers smoke "honey dew tobacco" ( a  mixture of tobacco and 
molasses),  which i s  more i r r i t a t i n g  t o  the  r e s p i r a t o r y  t r a c t  than c i g a r e t t e s ;  
none of the  females had t h i s  hab i t  while 38% of males d id ,  i n  add i t ion  t o  
smoking c i g a r e t t e s .  

Table L I X  The influence of smoking on the  prevalence of obs t ruct ive  lung 
d i sease  among male and female workers 

M a 1 e ~ ( 1 8 8 5 )  F e m a 1 e s (838) 
No. of No. of Prevalence No. of No. of Prevalence 
workers cases  of CNSPD workers cases of CNSPD 

of % of % 
CNSPD CNSPD 

Smokers 1623 726 44.7% 114 18  15.8% 
(86.1%) (96%) (13.6%) (17.6%) 

Tota l  1885 7 56 40.1% 838 102 12.2% 
(100.0%) (100.0%) (100.0%) (100.0%) 

Table LX shows the dust concentrat ions i n  the  work environment i n  the  
d i f f e r e n t  departments of t h e  th ree  m i l l s ,  the  prevalence of CNSPD and the  
spirographic values of workers. 



Table LX Dust concen t r a t ion  i n  t he  work environment i n  r e l a t i o n s h i p  t o  
t h e  prevalence of COLD and sp i rographic  s t u d i e s  

M i l l  Dept. Number Cases Dust conc. Prevalence Ven t i l a to ry  FEVl 
of workers mgm/m3 of COLD capac i ty  X % 

COLD = Chronic o b s t r u c t i v e  lung d i sease .  

The v e n t i l a t o r y  func t ion  s t u d i e s  (VC and FEVlX) of workers i n  t h e  
d i f f e r e n t  departments of t h e  t h r e e  m i l l s  show a d i r e c t  r e l a t i o n s h i p  wi th  t h e  
environmental po l lu t ion .  Thus low sp i rographic  va lues  a r e  gene ra l ly  observed 
i n  p l aces  where t h e  p o l l u t i o n  i s  h igher .  

Question 5 

The prevalence of CNSPD i n  the  var ious  departments d id  not  c o r r e l a t e  wi th  
dus t  concen t r a t ions  a s  d id  v e n t i l a t o r y  func t ions .  What i s  t h e  poss ib l e  
explanat ion? 

PART 4 

Conclusions 
Resu l t s  of t he  s tudy revealed a  high prevalence of CNSPD, but no c a s e s  of 

byss inos i s .  I n  a n  at tempt  t o  e x p l a i n  t h i s  and compare r e s u l t s  obtained i n  
t h i s  s tudy wi th  those  from o t h e r  reg ions  i n  Egypt, r e s u l t s  of s t u d i e s  reported 
i n  t h e  world l i t e r a t u r e  have t o  be consul ted .  

A t  a meeting of a  WHO s tudy  group (WHO, 1983))  va r ious  reasons were g iven  
why t h e  prevalence of byss inos i s  va r i ed  from one p l a n t  t o  another :  

- The prevalence was found t o  be much h igher  i n  m i l l s  spinning coarse  yarn 
from r e l a t i v e l y  low grades  of c o t t o n  than  i n  m i l l s  spinning e i t h e r  b e t t e r  
grades o r  blends of c o t t o n  wi th  s y n t h e t i c  f i b r e s ;  

- I n  spinning rooms, prevalence f i g u r e s  va r i ed  i n  r e l a t i o n  t o  p l a n t  des ign;  

- I n  weaving, t h e  prevalence va r i ed  from almost OX t o  13%; 



- Differences i n  the  treatment of yarn, i n  t h e  amount of t r a s h  present  a t  
successive s t ages  of processing and i n  some cases  humidif icat ion and 
v e n t i l a t i o n  systems may account f o r  such va r i a t ions ;  

- The prevalence of byssinosis  may be low i n  s p i t e  of high dust  
concentrat ions,  i f  dust  does not provoke a physiological  response i n  the  
exposed workers. Examples of t h i s  kind of s i t u a t i o n  have been reported 
from a f a c t o r y  producing bleached medical cot ton  i n  Egypt, from a B r i t i s h  
m i l l  processing cot ton  waste mater ia l ,  and from a Chinese study where 
cot ton  was washed p r i o r  t o  the  manufacture of blankets  (WHO, 1983); 

- Subjects  with cha rac te r f s t i c  symptoms of byss inos is  may eventual ly  develop 
an i l l n e s s  indis t inguishable  from CNSPD, but which i s  c h a r a c t e r i s t i c a l l y  
worse a t  the  beginning of the  work-week; a t  t h i s  s t age  the  p a t i e n t  o f t e n  
f o r g e t s  h i s  e a r l y  symptoms and is  diagnosed a s  su f fe r ing  from CNSPD (WHO, 
1983); and 

- A few epidemiological s t u d i e s  have shown strong c o r r e l a t i o n  between the  
concentrat ion of Gram negative a i rborne  bac te r i a  and t h e  prevalence of 
byss inos is  among workers i n  cot ton  spinning m i l l s  (Cinkotai & Whitaker, 
1978). 

Raylander, e t  a l .  (1979) i n  a s tudy on 6708 card room workers from 23 
t e x t i l e  m i l l s  i n  the  USA found the  prevalence of c l a s s i c a l  symptoms of 
byssinosis  t o  be l e s s  than 1%. They found s i g n i f i c a n t  co r re la t ion ,  however, 
between dus t  concentrat ions and FEVl and between the  l a t t e r  and the  counts 
of Gram negative bac te r i a  i n  ba le  cotton.  

Jones, e t  a l .  (1979) found the  prevalence of byss inos is  t o  be 5.7% i n  386 
cot ton  workers and t h a t  the  d i sease  was unequally d i s t r i b u t e d  with respect  t o  
job category and m i l l  r a t h e r  than dust  exposure l e v e l s .  I n  an attempt t o  
expla in  t h i s ,  t h e  authors suggested t h a t  it was due t o  v a r i a t i o n  i n  t h e  
b io log ica l  potency of d i f f e r e n t  samples of cot ton  dus t ,  which they c a l l e d  "the 
m i l l  e f f ec t " .  Factors  which they thought may cause t h i s  e f f e c t  a re :  

- the  grade of cot ton;  and 

- the  i n d u s t r i a l  process - spinning produces a l e s s  dangerous dust  than 
carding (milligram f o r  milligram). 

Other f a c t o r s  included: 
- host  (worker) r e s i s t ance ,  sub jec t s  with hyperreact ive airways may tend t o  

leave dusty jobs e a r l i e r ,  leaving the  more r e s i s t a n t  ones; race ,  sex,  
atopy and innate  f a c t o r s ;  and 

- var iab le  response t o  quest ionnaires;  enhanced awareness of r e sp i ra to ry  
symptoms and o the r  sources of b ias .  

Question 6 
In  the  present  s i t u a t i o n ,  what do you th ink  is  the  reason f o r  the  observed 

regional  d i f f e rences  i n  the  prevalence of byssinosis? 

Question 7 
m e s  t h i s  study give a conclusive answer t o  Question 6? 



Question 8 

If the answer t o  Question 7 i s  no, what further suggestions do you have? 

Question 9 

Do you think CNSPD i n  t e x t i l e  workers should be made cornpensatable? , 





INSTRUCTOR' S NOTE S 
CHRONIC RESPIRATORY DISEASES I N  COTTON TEXTILE WORKERS 

This  case  begins wi th  an observa t ion  of d i f f e r e n t i a l  r a t e s  of compensation 
f o r  byss inos i s  i n  two reg ions  of Egypt. It i l l u s t r a t e s  t h e  va lue  of 
s u r v e i l l a n c e  of occupat ional  d i sease ,  then  i l l u s t r a t e s  t h e  use of a  
c ross -sec t iona l  s tudy t o  i n v e s t i g a t e  prevalence r a t e s  of a  group of 
r e s p i r a t o r y  d i seases  inc luding  byss inos i  S and chronic  nonspec i f ic  pulmonary 
d iseases .  

The progress ion  of t h e  s tudy  inc ludes  t h e  fol lowing s t e p s :  

1. Recognit ion of a  problem, t h e  discrepancy between s u r v e i l l a n c e  d a t a  and 
s tudy r e s u l t s  from va r ious  p l a n t s  and va r ious  reg ions  of Egypt; 

2 .  Review of t h e  a v a i l a b l e  information;  

3. Design of t he  s tudy,  choice  of t he  p l a n t s  and t e s t i n g  of workers; 

4. Analysis  of r e s u l t s ;  and 

5. Conclusions . 
Answer l 

This  ques t ion  provides t h e  oppor tuni ty  t o  d i s c u s s  t h e  r o l e  of s u r v e i l l a n c e  
i n  t h e  prevent ion of occupat ional  d i sease .  For purposes of d i scuss ion ,  
s u r v e i l l a n c e  can be defined a s  t h e  c o l l e c t i o n ,  a n a l y s i s ,  and use of h e a l t h  
d a t a  f o r  t h e  purposes of prevent ion.  The primary purpose of a  workers 
compensation p l a n  i s  t o  reimburse workers f o r  t he  expenses of medical c a r e ,  
l o s t  wages, e t c .  I n  t h i s  i n s t ance  one r o l e  of t h e  monthly meetings was t o  
review o r  ana lyse  aggregate  da t a  inc luding  t r e n d s  of d i sease ,  v a r i a t i o n  i n  
r a t e s  of compensation by reg ion  of t h e  country,  e t c .  One could imagine us ing  
d a t a  from workers compensation insurance  programmes t o  i d e n t i f y  p a r t i c u l a r  
p l a n t s  t h a t  a r e  con t r ibu t ing  a  d i sp ropor t iona te  number of cases .  C lea r ly  by 
a s ses s ing  the  d a t a  from a workers compensation system, o p p o r t u n i t i e s  f o r  
prevent ion may be i d e n t i f i e d .  

Answer 2 

It is  d i f f i c u l t  t o  dec ide  a t  t h i s  s t a g e  whether t h e  d i f f e r e n c e s  i n  t h e  
prevalence of chronic  r e s p i r a t o r y  d i s e a s e s  among t e x t i l e  workers a r e  r e a l  o r  
not. However, poss ib l e  causes f o r  t he  observed r e s u l t s  a r e :  

a )  Lack of s t anda rd iza t ion  of t h e  c r i t e r i a  f o r  d i agnos i s  which might have 
lead t o  d i sc repanc ie s  between r e s u l t s  of va r ious  s t u d i e s ;  and 

b) Underreporting t o  workmen's compensation may be due t o  ( a )  phys ic ians  
having too h igh  a  threshold  i n  making an  appropr i a t e  d iagnos is ;  (b )  ca ses  
being misdiagnosed, which i s  un l ike ly  due t o  t h e  marked awareness about 
r e s p i r a t o r y  d i sease  among those who work wi th  c o t t o n  and t h e i r  phys ic ians .  



A good dea l  of the  information a v a i l a b l e  i n  Egypt concerning cotton- 
r e l a t ed  resp i ra to ry  d i sease  was reported not by the  workmen's compensation, 
but r a the r  by research i n s t i t u t i o n s ,  which a r e  f a i r l y  uniform regarding 
research techniques, d iagnost ic  c r i t e r i a  and d iagnos t i c  t o o l s  (Noweir, e t  a l .  
1980; Noweir, 1981). Moreover, workmen compensation records have demonstrated 
t h a t  i n  o ther  d i seases  such a s  lead poisoning, s i l i c o s i s ,  i n d u s t r i a l  deafness, 
e t c . ,  r e s u l t s  a r e  f a i r l y  uniform throughout the  whole country. 

Answer 3 
a )  Talk with o the r  research workers, i n d u s t r i a l  physicians,  the  occupational 

hea l th  and s t a t i s t i c s  departments a t  the  hea l th  insurance and workmen's 
compensation systems and review the  various s t e p s  f o r  repor t ing  
occupational d i seases  i n  genera l  and resp i ra to ry  d i seases  i n  p a r t i c u l a r .  

b) C r i t i c a l l y  review ava i l ab le  information including prevalence r a t e s  of 
d i f f e r e n t  chronic r e sp i ra to ry  d iseases ,  environmental da ta ,  dura t ion  of 
exposure i n  each study, d iagnost ic  c r i t e r i a  and d iagnost ic  t o o l s ,  
s e n s i t i v i t y  and s p e c i f i c i t y  of the  t e s t s  used. 

c )  Review the  l i t e r a t u r e  from other  coun t r i e s  f o r  s imi la r  s i t u a t i o n s  and 
t h e i r  explanations. 

d )  Determine the  need f o r  f u r t h e r  inves t iga t ion  i n  Egypt i n  an attempt t o  
explain d iscrepancies  i n  the  prevalence of various r e sp i ra to ry  disease.  

Par t  2 

Answer 4 

a )  Col lec t  preliminary information about the  cot ton  t e x t i l e  indust ry  i n  
Egypt, i t s  s i z e ,  geographical distribution of p l a n t s ,  t h e i r  number, 
working population, population a t  r i s k ,  medical services ,  d e t a i  1s of 
d i f f e r e n t  i n d u s t r i a l  processes,  raw mate r i a l s ,  q u a l i t y  of cot ton ,  whether 
cot ton  i s  mixed with o ther  f i b r e s ,  environmental condit ions and con t ro l  
measures. 

b) Selec t  a sample of cot ton  t e x t i l e  p l a n t s  i n  Greater  Cairo and Guiza region 
which represent  f a i r l y  well  the  whole indust ry  regarding d i v e r s i t y  of 
i n d u s t r i a l  processes and which use e s s e n t i a l l y  cotton. Older p l a n t s  a r e  
preferable  where the  working environment i s  known t o  be dusty. 

c )  V i s i t  the  p l a n t s  se lec ted ,  study the  i n d u s t r i a l  processes and make an 
evaluat ion of the  working environment. 

d )  Review the  i n d u s t r i a l  medical records. 

e )  Carry out  a cross-sect ional  study t o  determine the  prevalence of chronic 
r e sp i ra to ry  d iseases  i n  the  p l a n t s  se lec ted .  Consider whether your goal  
i s  t o  confirm the  presence of byssinosis  i n  the  one region o r  t h e  absence 
of byssinosis  i n  the  o ther .  



f )  Two po in t s  have t o  be taken i n t o  considerat ion:  
i )  The s o c i a l  s e c u r i t y  a c t  r equ i res  t h a t  workers exposed t o  cot ton  dust  

be examined once every two years. Per iodic  medical examination i s  
the  r e s p o n s i b i l i t y  of the  hea l th  insurance system and i t  may be 
useful  t o  coordinate with them. Perhaps t h e  periodic medical 
examination i n  severa l  p l a n t s  could be augmented o r  modified so  t h a t  
they would be useful  f o r  research purposes. 

i l )  Considering t h a t  the  diagnosls  of byss inos is  is  not easy and i s  based 
l a r g e l y  on subjec t ive  evidence, t r a i n i n g  of t h e  survey team and 
s tandardiza t ion  of the  c r i t e r i a  f o r  d iagnosis  of byssinosis  (Qasim, 
1977), bronchial  asthma, emphysema and chronic b ronch i t i s  i s  of 
s p e c i a l  importance. Therefore, c a r e f u l  s e l e c t i o n  of the  survey team 
has t o  be ensured, highly qua l i f i ed  supervisors  designated and 
adequate t r a in ing  c a r r i e d  out.  

g)  A meeting should be arranged between the  sen io r  research personnel, key 
persons a t  the  hea l th  insurance system, i n d u s t r i a l  management and 
i n d u s t r i a l  physicians where t h e  following w i l l  be discussed: 

i )  Objectives of the study; 

i i )  Methodology; and 

i i i )  The need f o r  coordinat ion and cooperation among the  concerned p a r t i e s  
and t h e  need t o  review p lan t  i n d u s t r i a l  hygiene records, and medical 
f i l e s  a s  well  a s  the  workmen's compensation and hea l th  insurance 
records. 

h)  I n d u s t r i a l  hygiene da ta  were col lec ted  and measurements of dust  
concentratfons made using personal samplers equipped with 10  mm nylon 
cyclones. Respirable dust  concentrat ions were reported i n  various 
departments; 

i )  A sample of workers was se lec ted  by s t r a t i f i e d  random sampling from the  
various departments i n  t h e  se lec ted  t e x t i l e  m i l l s ;  t h e  d u s t i e r  opera t ions  
were sampled p r e f e r e n t i a l l y  including mixing, carding and spinning; 

j )  Health examinations were conducted. The main survey methods used were t h e  
following: 

i )  Questionnaire on resp i ra to ry  symptoms s imi la r  t o  t h a t  recommended by 
WHO (1983); 

i i )  C l i n i c a l  examination i s  of s p e c i a l  importance s ince  diagnosis  of 
CNSPD i s  intended; 

i i i )  Vent i la tory  s tud ies :  the  forced v i t a l  capaci ty  and the  FEVl were 
measured a t  the  same time a s  t h e  physical  examination. Measurements 
before and a f t e r  the  s h i f t  need not be ca r r i ed  out s ince  the  
e s s e n t i a l  element i n  d iagnosis  of byssinosis  i s  the  t y p i c a l  
symptoms. The a f t e r - s h i f t  reduction of FEVl i s  not a p r e r e q u i s i t e  
f o r  t h e  d iagnosis  nor i s  i t  s p e c i f i c  f o r  byssinosis;  it is ,  however, 
a r e l i a b l e  index of work r e l a t e d  airway obs t ruct ion  (Qasim, 1977). 
Anthropometrlc da ta  were taken and observed values compared with 
standard normal values of Egyptians. 



i v )  Smoking h i s t o r i e s  were taken  and expressed i n  pack years .  

v) Chest X-ray examination were c a r r i e d  out  only t o  exclude o t h e r  
pulmonary and ca rd i ac  d i  s eases  . 

PART 3 
Answer 5 

Contrary t o  byss inos i s ,  CNSPD i s  a m u l t i f a c t o r i a l  d i sease .  Previous 
s t u d i e s  have proved t h a t  a l though occupat iona l  dus t  exposures may have a 
d e f i n i t e  i n f luence  upon t h e  prevalence of CNSPD, t h e  e f f e c t  of smoking i s  
usua l ly  more marked, t he re fo re ,  masking any d i r e c t  c o r r e l a t i o n  between d u s t  
concent ra t ion  and prevalence of CNSPD. 

The observed impairment of v e n t i l a t o r y  func t ion  might have represented  a 
combtnation of t h e  chronic  e f f e c t ,  which would go hand i n  hand wi th  t h e  
s e v e r i t y  of CVNSPD, and t h e  acu te  e f f e c t  which would bear  a r e l a t i o n s h i p  t o  
t h e  d u s t  exposures a t  t h e  t i m e  of measurement o r  immediately before.  I n  t h e  
present  study, t h e  acute  e f f e c t  probably has  predominated. No r e l a t i o n  could 
be e l i c i t e d  between v e n t i l a t o r y  func t ions  on one t h e  hand and the d u s t  
concent ra t ion  and average du ra t ion  of exposure on t h e  o ther .  

PART 4 
Answer 6 
a ) '  I n  t h e  p l a n t s  s tud ied  as wel l  a s  i n  t e x t i l e  p l a n t s  s tud ied  i n  o t h e r  

reg ions ,  where byss inos i s  was diagnosed, t h e  same q u a l i t y  of c o t t o n  was 
used, l o c a l l y  grown c o t t o n  which i s  hand picked and of a long-fibre.  
P l an t  d e b r i s  conten t  i s  not l i k e l y  t o  be d i f f e r e n t .  

b) The same i n d u s t r i a l  processes  a r e  being used. 

c) Dust concen t r a t ions  a r e  r a t h e r  high,  s u f f i c i e n t  t o  have caused byss inos is .  

d )  However, f a c t o r s  r e l a t i n g  t o  temperature,  humidity and s to rage  of c o t t o n  
may be d i f f e r e n t  which would a f f e c t  t h e  growth and abundance of micro- 
organisms i n  the  work environment. Host f a c t o r s  may a l s o  play a ro le .  

Answer 7 
The present  s tudy addresses  t h e  ques t ion  of r eg iona l  d i f f e r ences .  

S tudents  may wish t o  d i scuss  i f  t h i s  i n v e s t i g a t i o n  r e so lves  whether t h e  cause 
f o r  v a r i a t i o n  remains obscure,  i s  due t o  d i f f e r e n c e s  i n  s tudy techniques,  
d i agnos t i c  c r i t e r i a  o r  d e f e c t s  i n  t h e  r epo r t ing  system. 



m Answer 8 
A f u t u r e  p l an  of research  t o  s tudy t h i s  ques t ion  is  t o  c a r r y  out  a s tudy  

i n  two groups of t e x t i l e  p l a n t s :  

- One i n  which byss inos i s  was a c t u a l l y  diagnosed, and another  i n  which only 
CNSPD was found. 

The s tudy  w i l l  compare: 

- Raw m a t e r i a l  f o r  type  and grade of c o t t o n  chemical conten t  such a s  
p r o t e i n ,  carbohydrate  and minerals .  

- Bac te r io log ica l  examination of b a l e  c o t t o n  a t  d i f f e r e n t  times of s torage .  - I n d u s t r i a l  p rocesses  and c o n t r o l  measures. 
- Environmental condi t ions .  

Medical s t u d i e s  w i l l  inc lude :  
- A q u e s t i o n n a i r e ,  
- C l i n i c a l  examination, 
- Vent i l a to ry  s t u d i e s ,  
- Smoking h i s t o r i e s ,  

And a s  deemed necessary: 
- Biomedical, 
- Microbiological  and, 
- Immunological s t u d i e s .  

m S t a t i s t i c a l  a n a l y s i s  w i l l  focus  on t h e  r e l a t i o n s h i p  of va r ious  d i sease  
e n t i t i e s  on t h e  one hand t o  work processes  and t h e  chemical and 
microbio logica l  c h a r a c t e r i s t i c s  of t he  work environment as well  as t h e  va r ious  
"host" f a c t o r s  on t h e  o ther .  

Answer 9 
CNSPD i n  the  t e x t i l e  i ndus t ry  i s  c e r t a i n l y  work r e l a t e d .  The prevalence 

of t h e  d i s e a s e  i n  t h e  present  s tudy  a s  we l l  a s  i n  previous s t u d i e s  was high. 
The d i sease ,  however, i s  m u l t i f a c t o r i a l  and it i s  d i f f i c u l t  t o  determine how 
much i t  is a f f e c t e d  by nonoccupational causes  i n  any i n d i v i d u a l  case.  This ,  
neve r the l e s s ,  should not be an  o b s t a c l e  t o  a s e r i o u s  recons idera t ion  of t he  
compensabi l i ty  of such cases .  
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FARHER'S LUNG* 

PART 1 

Cases of farmer's lung have been reported in Australia, Canada, Europe and 
the USA. In China, chronic bronchitis has been studied extensively, but the 
hazards among farmers after exposure to vegetable dust is poorly realized. In 
1978, the authors visited Dafeng County, Jiangsu Province, China, and found 
that the chief crops cultivated there were rice, wheat, corn, as well as 
cotton. The hay of these vegetable was ground into powder and utilized as pig 
feed. The rainfall in the area is abundant and the weather is rather humid. 
To the authors, the hay looked mouldy; during grinding, the air in the 
workplace was dusty. The authors predicted that workers were probably 
suffering from farmer's lung, although no such diagnosis had been made by 
local physicians. 

Question 1 

What is farmer's lung? 

Question 2 

Would you have looked for farmer's lung in that district? 

a Question 3 

Why had not the disease been diagnosed there? 

Question 4 

How would you approach this problem? 

A preliminary study was conducted from 25 October 1978 until 10 November 
1978 including a questionnaire and a medical investigation. 

The process of hay grinding was simple and consisted of throwing hay into 
the inlet of a grinding machine and collecting hay powder in bags at the 
outlet. No dust control measures were taken. The air dust concentrations 
seemed high by visual inspection. No respirators or masks, nor any personal 
protective measures were used. 

* By Gu Xue-qi, Lu Pei--1ian. Shen Yi-E, 1985. Revised 1986 



A total of 105 grinders were investigated in five conununes, among them, 12 
grinders (11%) complained of systemic and respiratory discomfort, one to eight 
hours following grinding mouldy hay. The symptoms consisted of cough, 
expectoration, chest tightness, chills and fever. These symptoms subsided one 
to two days later, but would recur when exposure was repeated. Typical cases 
follow: Hr. W, a 27 year old male pig raiser complained on 22 October 1978, 
three hours after grinding mouldy hay, of dizziness, general malaise, 
anorexia, chills, soreness of the legs, shortness of breath, and chest 
tightness. Tetramycin and antipyretics were ordered. The symptoms subsided 
on the next day. Mr. Liu, aged 59, a male pig raiser complained on 23 October 
1978, four hours after grinding mouldy hay, of chills, fever, general malaise, 
cough with phlegm, chest tightness and dyspnoea. He persisted on grinding for 
five days. The symptoms recurred in the evening and subsided spontaneously 
when he stopped grinding. On the same communes, 14 of 36 grinders of corn of 
good quality experienced mild cough and expectoration. 

Question 5 
What disease did the 12 hay grinders suffer from? Was it farmer's lung? 

Question 6 
What is your impression from this investigation to this point? 

Question 7 
How would you now proceed? 

The investigators conducted a questionnaire survey of 1054 hay grinders, 
including the pig raisers who ground hay, from nine communes and two farms in 
Dafeng County in 1980. It was found that 87 grinders complained of the same 
symptoms as described above. In a prospective component, in 1981-1982, the 
authors found another 33 grinders with similar complaints, totally 120 
people. At the same time, an industrial hygiene survey of the processing 
environment was conducted. For purposes of comparison, another 107 healthy 
peasants with no history of grinding mouldy hay age and sex matched to the 
symptomatic cases were selected as controls. 

Each of the grinders and of the controls were questioned about discomfort 
before the shift, and the body temperature and a physical examination of the 
respiratory system were made and the ventilatory function was tested at the 
same time. After four hour's grinding, all of the cases and referants were 
admitted to the local hospital for a medical examination. Subjective 
feelings, body temperature and chest physical examinations were recorded. 
White blood and differential counts and serum precipitin tests were 
conducted. Chest radiographs were taken ten hours after exposure. 

The dust concentrations in air, dust dispersity and free silica content in 
the dust were analysed. Actinornycetes in the mouldy hay was looked after. 



Question 8 

What are the main points in diagnosis of farmer's lung? 

Question 9 

What findings would support the contention that farmers lung is prevalent 
in this providence? 

Question 10 

What is thought to be the etiology of farmer's lung? 

Question 11 

Is free silica responsible for farmer's lung? Why was it measured? 

The results of the survey follow: 

1. Environmental monitoriny: The average dust concentration in the breathing 
zone near the inlet of grinding machine was about 38.1 + 24.9 mg/m3, 
while near the outlet, it was 555.0 + 60.1 mg/m3. Of the dust particles 
76.3% has diameter less than 5 micrometers. The free silica in the dust 
and in the hay samples is above 10% (25.5% - 38.3%). From 37 samples of 
mouldy hay and 31 samples of sputum, 80 strains of actinomycetes were 
isolated, 49 of them belong to Thermoactinomyces vulgaris (61.2%). No 
strain of Micro~olyspora faeni was isolated. 

2. Physical examination: Among the total of 120 exposed, 67 grinders 
exhibited symptoms of farmer's lung, including chills, fever, cough and 
shortness of breath. Most of the symptoms (97%) appeared four to eight 
hours after exposure. Positive physical signs were identified in 21 
grinders, eight of them showing fine rales. Chest radiographs were taken 
in 101 grinders, showing a ground glass appearance in 21, small patchy 
infiltrates in 18, miliary opacities in nine, or distortion of lung 
markings in six (Table LXI), of which 14 were followed up. It was 
discovered that the patchy infiltrates and miliary opacities gradually 
cleared over seven days and totally disappeared four weeks later. But the 
reticular shadows and ground glass appearance persisted a year later. 
Pulmonary function testing showed a decline of ventilatory function. Of 
119 grinders 55 showed an elevation of total white blood cell count. 
Although the eosinophil counts were increased in 67 grinders, no 
significant difference was seen between the exposed and the controls 
(Table LXII). Serum precipitins against antigens of T. vulgaris were 
found in 14 grinders, a significantly higher prevalence than in controls 
(Pepys, et al. 1963). Only one case had a positive response to the 
antigen of M. faeni (Table LXIII). 



Table LXI Symptoms, signs and chest X-ray changes of the grinders 

Symptoms (120-grinders) Signs (120-grinders) Chest X-ray 
changes (101-grinders) 

Number Number Nurnbe r 

Cough------------- 95 
Chills ---- 7 1 
Fever------------- 6 1 
Dizziness--------- 6 0 
Shortness of------ 3 0 
breath 

Chest tightness---23 
Expectoration----- 12 
Headache---------- 10 
Wheezing---------- 7 
Chest pain-------- 3 

Fever (>37.5O~)--17 
Fine moist--------- 8 
rales 

Dry rales---------- 4 
Wheezing----------- 4 
Crepitation-------- 1 
Barrel chest------- 5 
Positive------------ 2 1 
respiratory 
signs 

Ground glass 21 
appearance 

snlall--------------- 18 
patches 

Wiliary------------- 9 
opacities 

Reticular shadows--- 6 
Distortion of------- 6 
lung marking 

Emphysema----------- 5 

Table LXII Comparison of laboratory parameters between exposed and controls 

Total WBC Percentage of Absolute count 
counted neutrovhiles of eosino~hils 

Exposed Control Exposed Control Exposed Control 

Number of 
persons 119 3 0 119 30 119 30 
counted 

Number of 
persons 
with 
elevated 
result 5 5 1 76 5 6 7 14 

Table LXIII Response to antigens of farmer's lung expressed 
by serum precipitins 

Number Antigens of W. faeni, Antigens of T. vulgaris, 
Groups o f number of number of 

persons positive positive 

Exposed 30 1 14 
Control 3 0 0 1 



m Question 12 

Calculate the percentages for the tables in Part IV. 

Question 13 

What is your conclusion from this survey? 

Question 14 

What is the etiology of farmer's lung in this district? 

Question 15 

Suggest preventive measures. 

PART 5 
The preventive measures instituted include: 

1. Health education: 

a) Training of primary care personnels at the farm and commune levels in 
order to provide medical care for the hay grinders; and 

m b) Spread propaganda among the masses about the knowledge of farmer's lung 
and its controls, especially among the hay grinders in order to encourage 
their acceptance of the control measures. 

2. Preventive measures: 

a) If possible, the use of refined feed instead of mouldy hay as pig feed. 

b) Keeping the hay dry before being piled up to prevent the growth of mould, 
and then keeping the stack out of the rain. 

c) Dust suppression is needed during grinding, such as collecting the powder 
at the outlet in an enclosed bag or isolating the outlet from the other 
operations. 

d )  Provision of respirators to the grinders. 

e) Periodic medical examination and environmental monitoring must be 
conducted for grinders and their workplaces by the health department. 

Question 16 

How will you evaluate the effectiveness of these procedures? 

Question 17 

Do you expect these preventive measures to be effective? 





INSTRUCTOR'S NOTES 
FARMER'S LUNG 

These cases progressed from the observation that a well-known disease may 
exist in an area, where locally it is not recognized, through the conduct of a 
questionnaire, a medical, and an industrial hygiene survey to confirm the 
presence of the disease, and ended with a probing question of how one should 
evaluate the effectiveness of recommendations in preventing disease. This 
case is most appropriate for the student novice ,who needs an introduction to 
basic epidemiology as well as to the evaluation of public health interventions. 

PART 1 -... -- 

Answer l 
What is farmer's lung? 

Farmer's lung is one kind of extrinsic allergic alveolitis (Terho, 19821, 
caused by inhalation of mouldy hay or other mouldy vegetable dusts which 
contain spores of certain Thermoactinomyces. Its clinical features reflect 
the response to the extrinsic allergen in the peripheral zone of the 
bronchopulmonary tree where it causes impairment of gas exchange. 

Answer 2 - 
Do you think that farmer's lung may exist in that district? 

Yes, the environmental conditions were favorable to mould growth in hay. 
Actually mouldy hay was seen in the district when the authors visited there. 
The air in the workplace was heavily polluted by hay dusts during grinding. 

Answer 3 -- 
Why had not the disease been diagnosed there? 

Workers, especially local doctors were not aware of the entity of 
"farmer's lung" before the visit of the authors. The symptoms of an acute 
episode of farmer's lung is very similar to an upper respiratory infection, 
i.e., chills, fever, cough and breathlessness. These symptoms would subside 
spontaneously in a short period after separation from grinding. Therefore, it 
was mistakenly diagnosed as "common cold". Moreover, since the course of the 
disease is rather short, the patient is usually does not see a physician. 
Also contributing to the physicians' failure to associate these symptoms with 
exposure to mouldy hay, is the low incidence of the clinical entity. 

Answer 4 
How would you plan a preliminary investigation in that district? 

A preliminary approach might be to conduct a questionnaire survey in order 
to determine if workers had experienced the syndrome of typical complaints and 
if there were an association with exposure to hay grinding. 



Answer 5 
What kind of disease did the 12 hay grinders suffer from? Was it farmer's 

lung? 

They seemed to suffer from farmer's lung. The reasons would be as follows: 

a) The symptoms appeared recurrently after exposure to mouldy hay dust and 
subsided spontaneously after removed from exposure. This indicated that 
the symptoms were related to exposure to mouldy hay dust. 

b) There was a latent period of one to eight hours from exposure to onset of 
symptoms. This time interval together with symptoms is consistent with an 
acute episode of farmer's lung. 

Answer 6 
What is your impression so far from this investigation? 

By virtue of the preliminary investigation, it could be said that there 
existed environmental factors for farmer's lung, and that some grinders had a 
history consistent with this disease. But a clear-cut conclusion could not be 
given, since no objective evidence has yet been obtained. 

Answer 7 
How can you further confirm the result already gained? 

A follow up clinical observation of response of grinders after exposure to 
mouldy hay dust could be conducted, and clinical surveillance and hygienic 
monitoring of the working environment should simultaneously be conducted in 
order to obtain objective evidence for further confirmation of the result 
already gained. 

PART 3. 

Answer 8 
What are the diagnostic criteria for farmer's lung? They are as follows 

(Crofton & Douglas, 1981): 

a) Occupational history of exposure to mouldy vegetable (hay) dust; 

b) Latent period of four to eight hours between exposure and acute onset of 
farmer's lung symptoms; 

C) Symptoms including chills, fever, cough and breathlessness; 



d) Miliary shadows and small patches or no changes on chest X-ray films, if 
X-ray examination could be taken; and 

e) Positive precipitin response to certain farmer's lung antigens in 
serological test in some victims, if laboratory facilities are available. 

d) and e) may be used as options. 

Answer 9 
What results do you predict in this situation? 

The results predicted may be: 

a) The air concentration of mouldy hay dust in workplace; 

b) Whether the clinical features among the grinders after exposure coincide 
with the main points mentioned above; and 

c) Finding the causative agents of farmer's lung in that district. 

Answer 10 ----- 
What is the etiology of farmer's lung generally considered? 

They are the Thermoac-nomyces. The most commonly found is Micropol~spora 
faeni and the next, Thermoactinomyces vulgaris. -- 

Answer 11 - 
Is free silica responsible for farmer's lung? How can you evaluate it? 

Free silica in the dust is not responsible for the acute episode of 
farmer's lung, since (1) silicosis caused by free silica is a chronic lung 
disease with no acute episode; (2) silica dust can induce a response of the 
respiratory mucosa, but no systemic reaction, such as chills, fever, etc; (3 )  
the pathological change in silicosis is irreversible fibrosis, but those on 
the chest X-ray films of acute stage of farmer's lung may subside some weeks 
later. 

PART 4 -- 

Answer 12 
Calculate the percentage and ~2 analysis'in the following tables. 



Table LXI Symptoms, signs and chest X-ray films* changes of the grinders 
---- .-- 

Chest X-ray films'changes 
Symptoms (120 grinders) Signs (120 grinders2 (101 grinders) 

No. % No. % No. % 

Cough 
Chills 
Fever 
Dizziness 
Breathlessness 
Chest tightness 
Expectoration 
Headache 
Wheezing 
Chest pain 

Fever (>37.S°C) 67 55.8 
Fine moist rales 8 6.7 
Dry rales 4 3.3 
Wheezing 4 3.3 
Crepitation 1 0.8 
Barrel chest 5 4.2 
Positive 21 17.5 
respiratory 
signs 

Ground' glass 21 20.8 
appearance 

Small patches 18 17.8 
Miliary opacities 9 8.9 
Reticular shadows 6 5.9 
Distortion of 6 5.9 
lung markings 

Emphysema 5 5.0 

Table LXII Comparison of laboratory parameters between exposed and controls 

Total WBC counted Percentage of Absolute count of 
neutrophiles -- eos inophils- 

Exposed Controls Exposed Controls Exposed Controls 

Number of 119 30 119 3 0 119 30 
persons counted, 

Number of 55 1 7 6 5 6 7 14 
persons with 
elevated result 

% 46.2 3.3 63.9 16.7 56.3 46.7 

Table LVIII Response to antigens of farmer's lung 
expressed by serum precipitins 

Number Antigens from H. faeni Antigens from T. vul~aris 
Groups of Number of % Number of % 

persons positive responses positive responses ~2 P 

Exposed 30 1 
Controls 30 0 

* Yates' correction 
** Fisher's exact test 



Answer 13 

What is your conclusion from this survey? 

The conclusion is as follows: (1) The workplace dust concentration in air 
is rather high. According to Chinese maximal acceptable concentration (MAC) 
standard of dust, this concentration exceeds the MAC 18-276 times. The 
Chinese MAC for dust with free silica above 10% is limited to 2mg/m3. It is 
also 4.22-17.43 times above the TLV (15mg/m3) of nuisance dust recommended 
by OSHA of the USA. (2) Acute responses were observed among those farmer's 
lung victims when they had exposure to high concentrations of mouldy hay 
dust. These responses were in keeping with the diagnostic criteria of 
farmer's lung. (3) The free silica content in the mouldy hay dust i e  
relatively high. It was well known that long-term exposure to it would induce 
interstitial fibrosis of lungs. In this survey, the acute response was 
unlikely to be related to free silica, but the possible role of free silica in 
interstitial fibrotic changes of lung should not be neglected. 

Answer 14 

What is the main etiology of farmer's lung in the district? 

According to the result of serum precipitin test and the isolation and 
identification of Thermoactinomyces in mouldy hay, it was shown that the main 
etiological agent of farmer's lung in that district was T. vulgaris. But, 
since the dust concentration in air was very high, the role of pathogenic 
action of dust itself was opened to further investigation. 

Answer 15 

Suggest preventive measures. 

The preventive countermeasures include: (1) Aiming at etiology: 
preventing mouldy change of hay in order to eliminate the factors favoring to 
proliferation of Thermoactinomyces, (2) Aiming at external factors influencing 
the pathogenesis: preventing generation of dusts, ( 3 )  Protecting susceptible 
persons: accepting effective protective measures, (4) Medical supervision and 
environmental monitoring. 

PART 5 

Answer 16 -- 

How would you evaluate the effectiveness of the control measures? 

Assessment of the effectiveness of preventive measures may depend on: 
(1) environmental monitoring: a) determination of air dust concentration, b) 
determination of the concentration of Thermoactinomyces spores in air if 
possible, c) detection of the degree of mouldy change of hay, (2) medical 
surveillance to find out the incidence of farmer's lung among the exposed 
group. 



Answer 17 
What do you expect about the effectiveness of these preventive measures? 

If these measures can be put into practice, the incidence of farmer's lung 
should decline significantly. But actually there are a number of obstacles, 
such as, the mouldy change in the hay is closely related to the rainfall after 
harvest; the dust control measures are sometimes limited due to economic 
resources; the respirators worn by the grinders must be highly effective to 
filtrate out the spores of Thermoactinomyces with diameters of 1 micrometer. 
The gauze masks generally used are not adequate for this purpose. Besides, 
the grinders would not like to wear respirators during heavy labor, due to the 
difficulty of breathing and the discomfort of the respirator. 

Through medical education the grinders in Dafeng County have realized that 
mouldy hay dust is harmful, and that the disease could be controlled through 
preventive measures. They always treat and pile it up carefully to avoid 
mouldy changes. At the same time, since the financial condition of the 
peasants has improved greatly, and rice production has increased markedly, the 
peasants have begun to use cotton seed cake, wheat or wheat bran to raise the 
pigs instead of hay. All these are the fundamental measures that have 
contributed to the reduction of farmer's lung in Dafeng County. Fourty five 
grinders with a history of farmer's lung were visited in October, 1985. 60% 
( 27 )  of them have not ground hay since 1982. Only nine among the 45 grinders 
had an acute episode of farmer's lung during 1983-1985. So approximately 80% 
of the grinders were effectively protected. In two communes, the incidence of 
acute episodes of farmer's lung was reduced among 170 grinders in 1980, 1983, 
1984, and 1985 from 27%. 10%, 7%. and 2% respectively. 
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EPIDEMIOLOGY I N  THE DEVELOPMENT OF 
OCCUPATIONAL HEALTH SERVICES* 

Pa r t  1 
B ~ C  kg ro  und 

Many developing c o u n t r i e s  a r e  undergoing rap id  i n d u s t r i a l i z a t i o n  involv ing  
changes i n  methods of work, new i n d u s t r i a l  processes  and new occupat iona l  
h e a l t h  and s a f e t y  hazards.  Quite  o f t en ,  t h i s  i n d u s t r i a l  development has  not  
been a s soc i a t ed  wi th  a corresponding development of an  occupat iona l  h e a l t h  
programme. 

Your country i s  a develeping one, and you a r e  a q u a l i f i e d  occupat iona l  
h e a l t h  s p e c i a l i s t .  The informat ion  a v a i l a b l e  on workers' h e a l t h  i s  very 
sca rce  and the  n a t i o n a l  occupat iona l  h e a l t h  s e r v i c e s  a r e  very weak. 
Laboratory and po r t ab l e  equipment are lacking ,  t r a i n e d  personnel  a r e  i n  s h o r t  
supply, p r i o r i t i e s  need t o  be i d e n t i f i e d ,  occupat iona l  h e a l t h  hazards a r e  s a i d  
t o  e x i s t  but t h e i r  types and magnitude a r e  not known. You f e l t  t h e  n e c e s s i t y  
f o r  developing an  adequate occupat iona l  h e a l t h  programme. You decided t o  
c a r r y  out  a f i e l d  i n v e s t i g a t i o n  t o  f i n d  out  t h e  types  and magnitude of h e a l t h  
problems a f f e c t i n g  the  working popula t ions ;  f i r s t ,  t o  se rve  a s  a gu ide  t o  the  
need f o r  in t roducing  c o n t r o l  measures of ou ts tanding  problems; second, t o  
i d e n t i f y  p r i o r i t i e s  i n  programme development inc luding  l e g i s l a t i o n ,  h e a l t h  
manpower needs, and research;  and t h i r d ,  t o  s e rve  a s  a base- l ine f o r  t h e  
eva lua t ion  of h e a l t h  t r e n d s  wi th  t h e  changing work-environment and methods, 
and t o  be used a s  a measure of t h e  e f f e c t i v e n e s s  of any prevent ive measures 
introduced.  

You s e l e c t e d  an  i n d u s t r i a l  a r e a  o r  d i s t r i c t  which has more than 1500 
i n d u s t r i e s ;  many a r e  smal l  (up t o  50 workers) ,  o r  medium-sized (51-150 
workers) and some a r e  l a r g e  (more than  150 workers) .  The Minis t ry  of Heal th 
provided you with a team of phys ic ians ,  s a n i t a r i a n s  and nurses  f o r  t h i s  
survey. You r e a l i z e d  that it was not p r a c t i c a l  t o  survey a l l  t he  f a c t o r i e s  
and examine thousands of workers. Most of t h e  l a r g e  f a c t o r i e s  had medical 
u n i t s  which maintained some records .  You decided t o  g ive  p r i o r i t y  i n  t h i s  
f i r s t  survey t o  t h e  small-  and medium-sized p l a n t s .  

Question 1 
Why do you g ive  p r i o r i t y  t o  small- and medium-sized f a c t o r i e s  f o r  your 

i n v e s t i g a t i o n ?  

Question 2 
Out l ine  the  poss ib l e  o b j e c t i v e s  of t h i s  i n v e s t i g a t i o n ,  bearing i n  mind the  

i d e n t i f i c a t i o n  of needs i n  workers' h e a l t h  and t h e  poss ib l e  d i f f e r e n c e s  i n  
h e a l t h  s t a t u s  of the  workers r e l a t i n g  t o  t h e  type  and s i z e  of workplaces. 

Question 3 
What should you do f i r s t  wi th  t he  survey team, and what information would 

you r e q u i r e  them- t o  c o l l a t e  on t h e  work environment and workers' h e a l t h  i n  
o rde r  t o  ob ta in  meaningful d a t a  f o r  t h e  s t a t e d  o b j e c t i v e s ?  

* By Batawi, M.A., and Husbumrer, C .  (1985) 



PART 2 

You d iscover  from t h e  o f f i c i a l  records  that t h e r e  a r e  972 small-  and 
medium-sized p l a n t s  i n  t h e  a r e a ,  employing a t o t a l  of 5 454 workers. Given 
the  l i m i t a t i o n s  of personnel  i n  your team and t h e  shor tage  of time t o  provide 
t h e  Minis t ry  of Health wi th  informat ion  t h a t  would h e l p  i n  dec i s ion  making, 
you decided t o  examine a r e p r e s e n t a t i v e  sample of t hese  work p l aces  and of t he  
workers employed i n  t h e  s e l e c t e d  workplaces. 

Question 4 
How would you proceed wi th  s e l e c t i n g  a sample of workplaces s t r a t i f i e d  by 

type and s i z e ?  

Question 5 
I n  t h e  workplaces s e l e c t e d ,  how would you proceed wi th  sample s e l e c t i o n  of 

t h e  workers, bear ing  i n  mind, t h a t  c e r t a i n  groups of workers may be 
p a r t i c u l a r l y  exposed t o  s p e c i f i c  occupat iona l  h e a l t h  hazards? 

Option 1 
Make a "systematic"  sampling of a l l  t h e  workers r ega rd l e s s  of 

exposure. 

Option 2 
Make a "systematic"  sampling of a l l  non-exposed o r  p a r t i a l l y  exposed 

workers t o  va r ious  hazards and i n  add i t i on ,  examine a l l  t h e  workers t h a t  a r e  
c l e a r l y  exposed t o  s p e c i f i c  hazards.  

a )  Which of these  two op t ions  would you choose, bearing i n  mind your 
o b j e c t i v e s ?  

b) How do you draw a "systematic"  sample comprising 20% of workers i n  
each s e l e c t e d  p l a n t ?  

c )  Are t h e r e  o t h e r  methods of sample s e l e c t i o n ?  

Question 6 
What a r e  t he  poss ib l e  b i a s e s  t h a t  you should bear  i n  mind i n  s e l e c t i n g  

" r ep resen ta t ive"  samples of workplaces and of workers f o r  undertaking h e a l t h  
surveys? 

PART 3 

From a t o t a l  number of 972 smal l  and medium-sized i n d u s t r i e s ,  
approximately 1 0  % were s e l e c t e d  f o r  t h i s  survey. The sample was s t r a t i f i e d  
by the  type of i ndus t ry  and by the  s i z e  of workplaces; small  (up t o  50) o r  
medium (51-150). P l a n t s  over  150 workers were excluded i n  t h i s  
i n v e s t i g a t i o n .  Table I shows the  t o t a l  number of the  small- and medium-sized 
i n d u s t r i e s  from which t h e  sample was drawn and t h e  t o t a l  number of workers 
employed i n  t hese  f a c t o r i e s .  The number of the  workplaces s e l e c t e d  and the  
workers examlned a r e  a l s o  shown. Table I1 shows t h e  d i s t r i b u t i o n  of t h e  
p l a n t s  surveyed by type and s i z e ,  and Table 111 shows the  sex d i s t r i b u t i o n  of 
t he  workers examined i n  va r ious  types  of i n d u s t r i e s .  



T A B L E  I 

Plants  
S i z e  o f  plant 

(No. o f  workers) 
( i n  area I 
I 

Small 557 
(up to  50 workers) 

Medium 
(51-150 workers) 41 5 40 ( 9 . 6 )  

Total  1. 972 1 96 ( 9 . 9 )  

Workers 

Total  No. examined 

T A B L E  11 

i 

Size of plant 
(No. of workers) 

Small 
(up t o  50 workers) 

Med~um 
(51-150 uorkcrs) 

Type of Plant 

Ceramics 6 
g lass  

6 

4 

Ocher 

7 

6 

13 Tocal 17 

Total 

56 

40 

96 23 

Princing 6 
batteries 

6 

4 

I3  l l 0  

Texciles 

10 

7 

Chemical 

9 

14 

Workshops 

18 

5 



T A B L E  I11 

Quest ion 7 
What o b s e r v a t i o n s  do you have on Tables  11 and Table  I I I ?  

PART 4 

Sample 
s i z e  

( % >  

28.1 

25.2 

24.8 

27.7 

28.5 

28.4 

26.6 

Table  I V  shows t h e  d i s t r i b u t i o n  of t h e  workers examined by age  and s e x  i n  
t h e  p l a n t s  surveyed.  The same t r e n d  i n  t h e  age  d i s t r i b u t i o n  occur red  i n  t h e  
s i x  c a t e g o r i e s  of workplaces.  

Workers examined 

Males Females T o t a l  

188 8 0 268 

275 110 385 

150 153 30 3 

191  66 257 

101 2 0 121 

51 64 115 

956 49 3 1449 

NO.  o f  
workers 
employed 

951 

1529 

1219 

927 

424 

404 

5454 

Indus t r y  

P r i n t i n g  6 
b a t t e r y  

Chemical 

T e x t i l e  

Workshops 

Ceramics 
6 g l a s s  

0 t h e r  

T o t a l  

NO. of 
f a c t o r i e s  
surveyed 

10 

2 3 

17 

2 3 

10 

13  

9 6 
L 



T A B L E  IV 

Question 8 

From Table IV, it is clear that the age of the workers in these industties 
are mostly up to 30 years. What possible explanation do you give for this 
observation? 

Question 9 

Total 

No. ( X )  

617 (42.6%) 

607 (41 .9X) 

153 (10.6%) 

46 (3.1%) 

22 (1.5%) 

4 (0.4%) 

1 449 (100%) 

Age group 

(Years) .- 

20 or under 

21 - 30 
31 - 40 
41 - 50 
51 - 60 
61 - 80 

Total 

In Table IV there are differences in age and sex distribution in the young 
groups (up to 30 years). What are these differences? Any possible 
explanation? 

Question 10 

Male 

No. ( X )  

345 (36.1%) 

451 (47.1%) 

106 (11.1%) - 
31 (3.2%) 

19 (2.0%) 

4 (0.4%) 

956 (100%) 

Mention some of the possible occupational health implications of the age 
factor where mainly young workers are employed? 

Female 

No. ( X )  

272 (55.2%) 

156 (31.7%) 

47 (9.5%) 

l5 (3.0%) 

3 (0.6%) 

- - 

493 (100%) 

PART 5 

An overall description of health and safety provisions in the plants 
surveyed according to their size is shown in Table V. There are clear and 
11 consistant" differences between the small- and medium-sized industries in 
sanitary provisions, medical and nursing care, safety provisions, and the 
availability of environmental control measures. 





A f u r t h e r  ana lys i s  of the  condit ions of work and the  types of h e a l t h  
hazards a r e  shown i n  Table V 1  f o r  t h e  small and the  medium-sized p lan t s .  

Table V 1 1  shows the  d i s t r i b u t i o n  of the  hea l th  hazards by type of industry.  

I n  both, Table V 1  and V I I ,  t h e  following terms a r e  used: ( i )  exposure t o  
"dusts" which included both vegetable and mineral dus ts ,  the  former being 
encountered i n  t h e  t e x t i l e  i n d u s t r i e s ;  ( i i )  although no measurements were 
made of environmental temperature, exposure t o  heat s t r e s s  was recorded when 
the  i n d u s t r i a l  process included smelting processes, o r  furnaces, o r  the  
workers showed manifestat ions of heat  s t r e s s ,  e.g. sweating; ( i i i )  exposure 
t o  noise was described a s  present  when ind iv idua l s  i n  the  survey team were 
obliged t o  r a i s e  t h e i r  voices i n  order  t o  communicate with each o ther ;  ( i v )  
inadequate l i g h t i n g  included dim o r  dark a r e a s  i n  the  workplace a s  well a s  
obvious g l a r e  i n  such opera t ions  a s  welding i n  workshops and i n  the  ba t t e ry  
f a c t o r i e s ;  (v) the  term "accident po ten t i a l "  was meant t o  include such 
condit ions a s :  absence of machine guards i n  hazardous operat ions e.g. c i r c u l a r  
saws; inadequate layout  of machinery and raw mate r i a l ;  unsafe cons t ruct ion  of 
the  p lant  which, i n  some ins tances ,  had some a reas  t h a t  were improperly 
constructed,  but simply patched with bamboo o r  a wooden wall ;  and s l ippery  
f l o o r s ,  protruding ob jec t s  i n  a reas  which a r e  frequented by the  workers; and 
( v i )  "other  tox ic  exposures" included a v a r i e t y  of r i s k s ,  f o r  example exposure 
t o  welding fumes, so lvents ,  and p o t e n t i a l  exposure t o  metal fumes i n  the  
WO rkshops . 







Question 11 

a )  What observa t ions  do you note  i n  Tables  V ,  V 1  and VII? 

b) Can you r e l a t e  any of these  observa t ions  t o  e a r l i e r  d a t a  i n  Table I I ?  

c )  Do you f i n d  "consis tency" i n  t h e  r e s u l t s  ob ta ined  i n  t h e  d i f f e r e n c e s  t h a t  
may be a t t r i b u t e d  t o  t he  s i z e  of t he  p l a n t s  surveyed, e.g. i n  Table V; 

d )  What s t a t i s t i c a l  t e s t s  t o  v e r i f y  s i g n i f i c a n c e  of observed d i f f e r e n c e s  
would you c a r r y  out?  

PART 6 

The prevalence of va r ious  d i s e a s e s  i n  t he  small  and medium-sized 
i n d u s t r i e s  i s  shown i n  Table V I I I .  Cons is ten t ly ,  a h igher  prevalence of t h e  
d i seases ,  diagnosed by the  i n v e s t i g a t o r s ,  was found i n  t h e  small f a c t o r i e s .  
Two main observa t ions  were noted; f i r s t  with r e spec t  t o  lead  poisoning o r  
man i f e s t a t ions  where 22 % of t h e  workers t n  t h e  small  f a c t o r i e s  were a f f e c t e d  
a s  compared t o  7% i n  t h e  medium-size i n d u s t r i e s ;  and t h e  second concerns 
g a s t r o i n t e s t i n a l  h e a l t h  problems, where more than  one t h i r d  of t he  workers 
examined i n  t h e  small  i n d u s t r i e s  were a f f e c t e d  compared t o  1 0  % i n  t h e  medium 
i n d u s t r i e s .  Lead "poisoning" o r  abso rp t ion  was recorded when t h e  exposed 
workers 

, a )  showed lead  l i n e s  i n  the  gums, and 

b) gave symptoms such a s  c o l i c ,  and cons t ipa t ion ,  a few of them showed s i g n s  
of anemia and p a l l o r .  





The cases  of d e r m a t i t i s  were a l l  found i n  t h e  workers handl ing minera l  
o i l s ,  a c i d s  and a l k a l i s .  While lead  poisoning and d e r m a t i t i s  a r e  mainly 
occupat iona l  i n  o r i g i n ,  t he  upper - resp i ra tory  t r a c t  symptoms and c h r ~ n i c  
o b s t r u c t i v e  pulmonary d i s e a s e  (COPD) may be r e l a t e d  t o  p o l l u t i o n  i n  t h e  work 
environment and smoking h a b i t s  . 

G a s t r o i n t e s t i n a l  (GI) h e a l t h  problems included c a s e s  of dyspepsia ,  
i n d i g e s t i o n ,  p e p t i c  u l c e r ,  and i r r e g u l a r i t y  of s t o o l s  inc luding  i n t e r m i t t e n t  
d ia r rhoea .  It was not poss ib l e  t o  a s s e s s  t he  degree of work-relatedness of 
g a s t r o i n t e s t i n a l  problems, p a r t i c u l a r l y  a s  t hey  appeared i n  d i f f e r e n t  
prevalence r a t e s  i n  t h e  var ious  occupat ions,  without any s i g n i f i c a n t l y  h igher  
occurrence i n  any p a r t i c u l a r  occupat ion . I t  i s  l i k e l y ,  without t o t a l l y  
excluding work-relatedness,  t h a t  t h e  G 1  d i s e a s e s  were endemic problems 
a f f e c t i n g  t h e  gene ra l  populat ion.  However, they  occur  i n  a h ighe r  magnitude 
i n  t he  small  f a c t o r i e s ,  than  i n  medium ones (35.3 % aga ins t  10.4 X ) ,  but t h i s  
could be r e l a t e d  t o  t h e  f a c t  t h a t  t h e  small  i n d u s t r i e s  l a r g e l y  lacked s a n i t a r y  
p rov i s ions  ( s e e  Table V) and t h a t  t h e  workers employed t h e r e  gene ra l ly  come 
from a poorer  s e c t o r  of t h e  community. 

Malnut r i t ion  appeared i n  2 X of t he  t o t a l  popula t ion  and t h i s  mainly 
included cases  of unde rnu t r i t i on .  

The d i s e a s e s  c l a s s i f i e d  under "Others" included var ious  s u r g i c a l  and 
gynecological  problems, f o r  example he rn i a s ,  lipomas, i r r e g u l a r  menstruat ion,  
a  v a r i e t y  of vague symptomatology and t e n  c a s e s  of pulmonary tube rcu los i s .  

Question 12 

I n  examining Table V 1 1 1  you can develop a  four-fold t a b l e  demonstrating 
d i f f e r e n c e s  i n  d i s e a s e  occurence i n  small-scale  i n d u s t r i e s  a s  compared t o  
medium ones (Table IX). Thus by deduct ing t h e  number of workers w i th  no 
i l l n e s s  diagnosed from t h e  number of workers examined you o b t a i n  t h e  number of 
worker wi th  i l l n e s s ;  thus  

Table I X  Heal th problems 

Indus t ry  Yes No To ta l  

Small 197 129 326 

Medium 507 61 6 1123 

T o t a l  

Calcu la te  x2 f o r  s i g n i f i c a n c e  . 



Question 1 3  

On f u r t h e r  examination of Table V I I I ,  t he  t o t a l  number of i l l n e s s e s  i s  
g r e a t e r  than  t h e  number of workers wi th  i l l n e s s  i n  both t h e  small-  and 
medium-sized i n d u s t r i e s ,  demonstrating t h a t  s i c k  workers had an average of 
more than  one d i sease .  Construct  a t a b l e  t o  i l l u s t r a t e  t h i s  observa t ion  and 
comment on d i f f e r e n c e s  between workers i n  small-  and medium-sized i n d u s t r i e s .  
Are t h e s e  d i f f e r e n c e s  meaningful? 





PART 7 ( con t . )  

Table X shows t h e  prevalence of d i f f e r e n t  d i s e a s e s  among t h e  workers 
examined i n  each type of i ndus t ry .  Of t h e  workers employed i n  p r i n t i n g  and 
b a t t e r y  workshops, 37% showed man i f e s t a t i ons  of l ead  poisoning,  a s  d i d  16% of 
t h e  workers i n  ceramics  and g l a s s  i n d u s t r i e s ,  probably due t o  abso rp t ion  of 
l ead  used i n  g l az ing  of ceramics  and t h e  a d d i t i o n  of l ead  t o  g l a s s  i n  smel t ing  
processes .  Occupational d e r m a t i t i s  was h ighes t  i n  t h e  workshops where 
c u t t i n g - o i l s  were f r equen t ly  used. Upper-respiratory t r a c t  d i s e a s e s  and COPD 
occured f n  h ighe r  propor t ions  among t h e  t e x t i l e  workers,  probably due t o  
i n h a l a t i o n  of vege tab le  d u s t s .  G a s t r o i n t e s t i n a l ,  neu ro log ica l ,  m a l n u t r i t i o n  
and o t h e r  h e a l t h  problems d i d  not  show s i g n i f i c a n t  d i f f e r e n c e s  i n  prevalence 
i n  any one s i n g l e  occupat iona l  group. 

The des igna t ion  of " f r ee"  s i g n i f i e d  an  absence of abnorma l i t i e s  and 
symptoms i n  t h e  c l i n i c a l  examination. When t h e  " f r ee" ,  o r  normal c a s e s  a r e  
deducted i n  each type  of i n d u s t r y  from t h e  t o t a l  workers examined i n  each of 
t he se  i n d u s t r i e s ,  i t  should be noted t h a t  t h e r e  were a  t o t a l  of 899 c a s e s  of 
d i s e a s e s  a f f e c t i n g  804 workers,  which means t h a t  t h e r e  were a  number of 
workers a f f e c t e d  by more t han  one d i s e a s e .  

Question 14 

Do you have observa t ions  t o  make on Table X? 

Question 15 

a )  I n  s p i t e  of the  shor tage  i n  equipment, do you f i n d  t h a t  t h i s  s t udy  
produced u s e f u l  in format ion  t h a t  can he lp  i n  working on t h e  problems of 
occupat iona l  h e a l t h  i n  your country? - I f  ye s ,  i n  what manner? 

b) What i s  t h e  type of t h i s  ep idemiologica l  s tudy ,  and what follow-up do you 
wish t o  s ee  made? 





INSTRUCTOR'S NOTES 

EPIDEMIOLOGY IN THE DEVELOPMENT OF OCCUPATIONAL HEALTH 

Summary 

This case demonstrates the use of epidemiology in planning and 
implementation of occupational health services in a developing country. It 
provides an example of an investigation in an industrial district of a 
selected sample of workplaces stratified by type and size, together with a 
medical examination of a representative sample of the workers employed in the 
selected industries. The types of health problems affecting the workers, the 
health hazards in various industries and the differences between small-scale 
industries and medium-sized ones were identified. The study revealed the 
occurence of occupational and other work-related diseases affecting the 
workers particularly in the small-scale industries. This data helped the 
health authorities in developing an occupational health programme to deal with 
these problems. That programme included training of personnel, the 
development of a new cadre in primary health care in the workplaces, the 
proposal of new legislation and the establishment of specialized 
laboratories. Similar investigations were also planned for other areas. A 
follow-up study is underway to evaluate the effectiveness of the control 
measures introduced, as well as the results of commencing a prEmary health 
care system in the workplaces. 

PART 1 

Answer 1 

Small- and medium-sized industries were given priority for this first 
investigation because of the following: 

a) They comprise the majority of workplaces in many countries, and play a 
major role in national industrial production; 

b) they often lack health provisions including medical, nursing, hygiene and 
safety services; 

C) they are rarely reached by regulatory supervision and inspection because 
they are widespread and numerous, in spite of their potential health and 
safety hazards; and 

d) they have lower economic and technological standards than larger factories 
and employ semi-skilled workers with limited experience in safety. These 
workers may work longer hours and receive lower wages than those in large 
industrial establishments. 



Answer 2 
The possible objectives of this investigation are: 

a) To identify the types and magnitude of health problems of workers employed 
in small (up to 50 workers) and medium-sized industries (51-150 workers) 
in the industrial district with a view of introducing control measures of 
the health hazards identified; and 

b) To obtain information on the health status of workers in these sectors to 
assist in developing national occupational health services, and to help in 
follow-up action by monitoring. 

Answer 3 
The survey team should first be trained briefly in occupational health and 

on survey methods. 1nfo-mation should be collated in a standardized manner, 
using a standard format including the particulars of the plant, a description 
of processes, potential health and safety hazards, particularly chemical and 
physical factors and other risks that might lead to injuries; control measures 
available, e.g. ventilation, machine guards, personal protective equipment; 
sanitary facilities; availability of health and safety personnel (on a full or 
part-time basis), accessibility to health care units, availability of 
pre-employment and periodic health examination and of health and safety 
records should be noted; and other elements, e.g. type of machinery and plant 
construction and layout recorded. 

Medical examination of workers was carried out using also a standard 
format. The information obtained included age and sex, social and 
occupational histories, past medical history, complaints if any, personal 
habits (e.g. smoking). In case of exposure to specific chemical or physical 
factors, special enquiry was made about related signs and symptoms. Some 
workers required chest X-rays. In view of the fact that lead exposure was 
suspected to occured, such signs as lead line in the gums associated with 
abdominal colic and/or constipation were taken as indication for lead 
absorption or toxicity. 

Although the survey team did not use any laboratory or portable equipment 
to make measurements of environmental hazards or to ascertain the diagnosis of 
occupational diseases, the main objectives of the study were achieved by 
detailed survey of workplaces and examination of work people. 

PART 2 
Answer 4 

- First: determine a "representative" and feasible sample-size; i.e. the 
number and percentage to be surveyed; 

- second: classify the 972 industries according to size which, arbitrarily, 
was decided; thus those employing up to 50 workers were considered 
"small", and those having 51 to 150 workers were considered "medium"-sized 
industries; 



- third: classify each group according to type of manufacturing; 
- fourth: from each of the two groups (by size) classified by type select 

systematically from lists of plants in serial numbers every 10th 
factory, number 10, 20, 30, etc. or number 2, 12, 22, etc. The factories 
selected constituted six different types of manufacturing: 

a) printing and battery (as one group because of the known potential exposure 
to lead in each); b) chemical plants including electroplating, small 
transformation process, preparation of certain acids and alkalis, formulations 
and packaging of pesticides, preparation of cleaning materials such as 
detergents and soap, etc; c) textiles constituting mainly cotton carding, 
spinning, or only weaving and dyeing; d) workshops including a variety of 
industries such as blacksmiths or small foundries, carpentry operations, 
assembly of small products including one for bicycles, repair workshops for 
cars and trucks; e) the ceramic and glass workplaces: ceramics included clay 
preparation, shaping on wheels, firing, glazing and further firing. The glass 
factories used mainly old broken glass as raw material sorted by color then 
melted, and blown in moulds for bottles or glasses; and f) "other" workplaces: 
these included miscellanious types plants such as clothing- manufacture and 
food processing. 

Answer 5 

After deciding on the sample size (20%) of the workers to be examined in 
the selected plants 

a) Option 2 was chosen in view of our interest in identifying occupational 
diseases in so far as possible (with limited means for diagnosis) in order 
to put them under control. 

b) the workers selected for medical examination constituted around one- 
quarter of the workers employed. Selection was made systematically, i.e. 
every fifth name from payroll lists (20%). In addition, those workers 
that were particularly exposed to specific health hazards, e.g. lead fumes 
or respiratory irritants were all examined making a total of 26.6% (Table 
I, Part 3). 

C) Other methods include using random numbers amounting to the sample size. 

The possible bias is the fact that each factory is an entity of its own 
that may be totally different from other factories with respect to conditions 
of work, control measures taken, socioeconomic standards of the workers 
regardless of the plant size or its type of manufacturing. True 
representation of the whole may therefore be affected by unusually good or bad 
workplaces in the different clusters. 



PART 3 
Answer 2 

Observations on Tablex: 

The fact that "workshops" represented the largest "type" in the small 
plants surveyed; 10 out of 56 or 32%. On the other hand "chemical" plants 
represented the largest type in the medium-sized factories; 14 out of 40 or 
35%. 

Observations on Table 111: 

The fact that the number of female workers as compared to males was less 
than half in four out of the six types classified. The two exceptions were in 
"textiles" and "others" where these were almost equal numbers, slightly more 
females. 

PART 4 
Answer 8 

There were two possible explanations for the markedly small number of 
workers above the age of 30 years: 

a) The relatively low wages of workers in small- and medium-sized industries 
leads to the workers' departure as they reach the age of 30 to advance 
their careers and provide for better family support. The other jobs to 
which they usually move include trade and commerce, and service 
industries, as well as similar occupations in larger and better paying 
industries. 

b) Employment in small- and medium-sized industries is usually associated 
with more health hazards than in larger and more modern industries, which 
enjoy better environmental conditions, health and welfare facilities. As 
young workers gain experience in the small- and medium-size factories, 
they move to larger industries doing similar but healthier and safer work. 

Answer 9 
Table IV shows the distribution of the workers examined by age and sex; 

42.6% were under the age of 20 years. The females in this age group represent 
a majority of 55.2% of all the females in the sample. The age group 21 to 30, 
constituted almost 42% of the total. In this age category the males represent 
the majority (47.1% males against 31.7% females). After the age of 20 years 
the females may leave (8.9%) to get married. 

Answer 10 
a) Possibly a higher accident rate in younger age groups; 
b) there would not be enough time of exposure to develop or observe chrcmic 

diseases or occupational diseases with long latent period despite the 
exposures described e.g. silicosis or cancer. 



PART 5 
Answer ,lla) 

Observations on Table V: 

An overall description of health and safety provisions in the plants 
surveyed according to their size is shown in Table V. There were obvious 
consistent differences in sanitary provisions, the availability of medical or 
nursing care, safety provisions, and the availability of environmental control 
measures between the small- and medium-size industries. Such provisions were 
more limited or almost absent in the small industries as compared to the 
medium-size ones, although the latter also suffer from generally 
unsatisfactory conditions. However, 45% of the medium-size industries had 
sanitary provisions such as showers and latrines, and overall cleanliness. 
Fifteen percent of them employed part-time physicians or nurses, and 42.5% had 
a part-time safety supervisor who was usually shared among several factories 
and 30% had introduced environmental control measures. In general their 
machinery was more modern and better guarded. 

Observations on Table VI: 

In Table V1 an analysis of the conditions of work and the types of health 
hazards demonstrated a generally higher proportion of hazardous conditions in 
the small factories than in the medium-sized plants. The average number of 
health hazards per plant was 3.1 for the small-scale industries and 2.3 for 
the medium-size industries; a risk ratio of 1.34. 

Observations on Table VII: 

Table V11 shows the distribution of the health hazards by type of 
industry. Most of the lead exposure was found as expected in printing and in 
wet battery manufacturing and to a lesser extent in workshops carrying out 
such operations as the repair of equipment containing lead. Irritant gases, 
fumes and smoke were encountered in practically all types of the industries 
surveyed; acids in battery operations; nitrogen and sulfur oxides, alkalis and 
acids in chemical industries; chlorine in bleaching operations in textiles; 
smoke from furnaces, welding operations and foundry works, including 
blacksmithis. Heat stress was mainly observed in the "workshops*' and in 
ceramics and glass manufacturing. Most of the excessive noise occured in 
weaving and spinning and in machine operations in the "workshops". Inadequate 
lighting and accident potential were often found in the "workshops". 

Answer llb) 
In Table I1 the largest proportion for the six "types" of manufacturing is 

"chemical" in the medium-sized plants; in Table VI, showing distribution of 
health hazards there are 21 out of 40 medium plants (52.5%) which suffered 
from "irritant gases and fumes"; possible cause/effect. 

Answer llc) 
Yes, there is consistency in Table V showing lower provisions for health 

in the smaller plants by 25% in sanitation, 14%-in absence of medical and/or 
nursing services, 21% in safety measures, and 10% in hazard control measures. 



Answer 118) 
Chi ~2 test was applied for presence or absence of various health 

provisions in small and medium factories in Table V, which constitutes four 
two by two tables for each of 

i) sanitation significantly lower at 1% level in small factories 
x2 = 7 .l245 

ii) medical or nursing provisions significantly lower at 5% level in small 
factories 
x2 = 6.0124 

iii) safety provisions are significantly lower at 5% leve$l in small factories 
x2 = 4.9208 

iv) control measures not significantly different in small and medium 
industries 
x2 = 1.3777 

PART 6 

Answer 12 

Expected 

Indus try Health problems 
-- Yes No 

Small 158 168 - 

Medium 546 577 

significant at 1% level or p 0.01. 

Answer 13 

Number of Average number 
worker Number of of illnesses 

Indus try with illnesses per worker 
- illness affected 

Small 19 7 343 1.74 

Medium 507 556 1.10 

Risk ratio = L.74 = 2.60 
1.10 



Number of workers with illness = total workers examined = workers diagnosed 
ith no illness. 

Answer 14 

The prevalence of different diseases among the workers examined in each 
type of industry is shown in Table X. Of the workers employed in printing and 
battery workshops, 37% showed manifestations of lead poisoning, as did 16% of 
the workers in ceramics and glass industries, probably due to absorption of 
lead used in glazing of ceramics and the addition of lead to glass in smelting 
processes. Occupational dermatitis was highest in the workshops where 
cutting-oils were frequently used. Upper-respiratory tract diseases and COPD 
occured in higher proportions among the textile workers, probably due to 
inhalation of vegetable dusts. Gastrointestinal, neurological, malnutrition 
and other health problems did not show marked differences in prevalence in any 
one single occupational group. 

Answer 15 

a) Yes, as follows: 

i) The study demonstrated that there were several probably serious 
health problems affecting the workers; 

ii) by the same methods used in studying small- and medium-sized 
industries, it was found that the small industries suffer the most 
and have very limited means for occupational health care; 

iii) the study demonstrated the need for occupational health personnel, 
equipment and laboratories; 

iv) the need for "on the spot" health supervision was demonstrated and 
was fulfilled by primary health care workers trained in occupational 
health; 

v) the need for regulatory action to control industrial health hazards 
was also demonstrated. 

b) This is a cross-sectional study of health hazards and disease occurence 
(prevalence) in a representative sample of workplaces of different types 
and of the workers employed therein. The study takes place in a certain 
geographical location in a developing country which was keen to develop an 
occupational health programme. 

As a follow-up to this study the following may be proposed: 

i to control the health hazards identified and treatment of the cases 
of illness; 

i i) to widen the scope of the study; 
iii) to re-examine the same workplaces and the workers using portable 

survey equipment and analytical diagnostic methods; 
iv) to survey other occupations in other areas; and 
V to follow-up this population by monitoring after introducing central 

measures and appointing primary health care workers. 
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